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Preface

As our agency enters the 21 century, we increasingly find ourselves engaged in the
protection and management of forest ecosystems in “special” places for a complex
mixture of resource values. Some of these areas are special because of where

they are or what they contain, while others are special because of their history or
because they are suitable for special uses. However, the one common feature of
the special areas addressed in this document is that they are in forest ecosystems.
Maintaining these special values within these forest ecosystems requires a
non-standard approach to the practice of silviculture. A thorough knowledge of
how these ecosystems function and skilled application of a variety of vegetation
manipulation techniques are required to achieve and maintain the special attributes
that we have or desire for these places. Whether these special places are recreation
areas, critical wildlife habitat, urban-wildland interfaces, scenic vistas, or multi-use
forests, they all may require some form of management intervention to retain their
unique values. The reader is invited to enjoy the experiences shared by a special
group of people who attended the 2003 U.S. Forest Service National Silviculture
Workshop held in a “special place” in the beautiful Colorado Rockies and to share
our experiences and the knowledge we gained about the practice of silviculture in
special places everywhere.

Wayne D. Shepperd
Rocky Mountain Research Station
Fort Collins, CO
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Past, Present, and Future Role of
Silviculture in Forest Management

Russell T. Graham' and Theresa Benavidez Jain'

Silviculture

In general, silviculture can be defined as the art and science of controlling
the establishment, growth, competition, health, and quality of forests and
woodlands to meet the diverse needs and values of landowners and society
on a sustainable basis (Helms 1998). This definition or variations of it
have existed since the late 1800s. Gifford (1902), an Assistant Professor of
Forestry at Cornell University in New York, used the term arboriculture
to describe the growing of trees for any purpose and in any way whatever
— singly, in groups, or in the form of forests. He went on to define silvicul-
ture as a part of the broader art of arboriculture. Schlich (1904), Professor
of Forestry at the Royal Indian Engineering College, Coopers Hill, India,
stated that “the culture of forests with the objective for which a particular
forest is maintained depends on the will and pleasure of the owner, in so
far as his freedom of action is not limited by rights of third persons or legal
enactments.” He went on to say “silviculture, in its narrowest sense, is
understanding the formation, regeneration and tending of forests until they
become ripe for the axe.” Therefore, the beginning of silviculture in the
United States was closely aligned with forest management, and the general
theme of most silvicultural practices was to produce forest crops.

Silviculture and Timber Management
Relations

As the foundations of silviculture were being developed in the late
1800s, the concept that forests should be reserved and managed for the
good of society was also developing. Laws such as the Timber Culture
Act of 1873 and the Timber and Stone Act of 1878 were passed allowing
settlers on homesteads to switch from growing grain crops to trees as part
of the residency requirements (Steen 1976). The acts authorized the sale of
non-tillable public timberlands for personal use. By 1873 the American As-
sociation for the Advancement of Science (AAAS), through the leadership of
Franklin Hough, a physician, began lobbying Congress to pass a resolution
promoting the cultivation of timber and the preservation of forests. Hough
continued his efforts to get a bill through Congress in 1874 and 1875 but
was unsuccessful. He supported these efforts by studying and writing papers
on forestry and distributing them through the AAAS. Congressman Dun- 1'USDA Forest Service, Rocky Mountain
nell from Minnesota championed the cause but all attempts to get the bill Research Station, Moscow, ID.
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through the Public Lands Committee failed. In August of 1876, Dunnell
made a motion to transfer the substance of the bill to the general appropria-
tions bill authorizing the Department of Agriculture to appoint a man of
“approved attainment” to report on forest supplies and conditions. With

the passing of this law and through this parliamentary tactic began the long
tradition of having the forestry agency in the Department of Agriculture
with Hough becoming its first chief (Steen 1976). This was called the
Department of Forestry with close ties to the American Forestry Association.

The majority of the information Hough used for his self-taught forestry
education was based on European models of forestry, in particular forest
management in Germany. This strong connection to German forestry was
exemplified by the appointment of Bernhard Fernow as the third Chief of
the Division of Forestry in 1886. (Nathaniel Egleston succeeded Hough
as Chief'in 1883 and served with uncertainty until replaced by Fernow.)
Fernow started his forestry apprenticeship in the Prussian Forestry Depart-
ment and also received advanced training in Prussia. He immigrated to the
United States in 1876 and brought with him the German penchant for
“slick and clean” forests regularly divided into blocks (Miller 1992).

Through fraud, timber companies used the Timber and Stone Act to
acquire and harvest large quantities of timber on lands in the western United
States. Some of the most blatant fraud occurred in northern California. As
the price of timber rose, fraudulent practices increased causing agents in the
Department of Interior to investigate thousands of fraud and trespass cases
every year. But the practice continued to escalate and became a way of life
in the western United States. In 1889, the American Forestry Association,
with Fernow chairing the law committee, lobbied both Congress and the
Administration for legislation creating reserved parcels of land and providing
a commission to administer them. No action by either branch of government
towards reserving forests occurred until Fernow and his associates, in 1891,
convinced Interior Secretary Noble that it was his responsibility to protect
the public domain. During this period a bill, The Creative Act, was being
prepared in Congress to revise a series of land laws including the Timber
and Stone Act. Noble was able to convince the conference committee at
the eleventh hour to add Section 24 to this bill. This section authorized the
President to create forest reserves and was not referred back to the originat-
ing committees for their consideration. Therefore, when the bill passed,
section 24 became the law of the land by default. President Harrison wasted
no time in using what became known as the Forest Reserve Act of 1891to
create 15 forest reserves containing 13 million acres in the newly established
western states. President Cleveland continued to add more acres but stopped
until Congress provided a means to protect the reserves within the Depart-
ment of Interior (Steen 1976).

Not only did Fernow and his associates influence forest legislation; they
also framed the forestry education in the United States, controlled the early
professional organizations (American Forestry Association), and produced
most of the forestry publications (Forestry Quarterly). By 1897, 20 institu-
tions, of which most were land grant colleges, offered some instruction in
torestry with silviculture a part of the curriculum. In 1898, the New York
State College of Forestry was organized and a year later the Pinchot family
(a well-to-do upstate New York family, of which Gifford was a member and
advocated conservation of Adirondack forests) endowed a forestry school at
Yale (Ise 1920). Graduates of these schools formed the core of the Division of
Forestry and later the Forest Service (Steen 1992).

USDA Forest Service Proceedings RMRS-P-34. 2004.



Era of Gifford Pinchot

Gifford Pinchot succeeded Fernow as Chief of the
Division of Forestry in 1898. He had a tremendous
impact on the forests of the United States both in their
acquisition and their management (figure 1). He gradu-
ated from Yale in 1889, but he also studied formally in
Europe and spent over a year touring and learning the
forestry profession there. He returned to the United
States and spurned Fernow’s offers to become his
assistant; instead, he went to work on the Biltmore
Estate in western North Carolina to develop a forested
estate worthy of Vanderbilt’s wealth (Steen 1976). The
Vanderbilt estate offered Pinchot the opportunity to
put into practice the European systems he learned. This
work allowed him to determine that forestry in North
America could be a profitable venture, and helped
solidify his views on forest management.

As the chief of the Division of Forestry, Pinchot,
much like Fernow, mostly influenced forestry activities
through publications and technical assistance to com-
panies and private citizens. If Pinchot was to influence
the management of the forest reserves, he had to work

cooperatively with the Department of Interior because Figure 1—Gifford Pinchot succeeded Bernhard
the forests were under its domain. By 1901 he was able Fernow as Chief of the Division of Forestry
to have the foresters in the Department of Agriculture in 1898. He graduated from Yale in 1889

and furthered his education in Europe,

make all technical decisions associated with the reserves d furthered .
refining his views and philosophy of forestry.

and develop management plans while Interior person-
nel would patrol the reserves enforcing the land-use
laws. In 1902 the Department of Interior issued the first manual on admin-
istration of the reserves outlining when grazing could occur in the reserves.
But the bulk of the manual dealt with timber management. Even though
other people were credited for drafting the text, most people credit Pinchot
for the substance of the policies.

Theodore Roosevelt frequented upper New York State before he became
Governor of New York and during this time he became acquainted with
Pinchot. Roosevelt nominated Pinchot for membership in the Boone and
Crockett Club, an elite hunter’s club that Roosevelt helped to found. The
two became best friends, even having wrestling and boxing matches and,
after Roosevelt became President in 1901, they were frequent companions
riding horses and playing tennis. So it was no surprise that after only three
months in office Roosevelt told Congress that the forest reserves belonged
not within the Department of Interior but in the Department of Agriculture,
under Pinchot’s Bureau of Forestry.

In addition to Pinchot, Roosevelt had strong views on how the forests of
the United States should be managed and in March of 1903 he presented
them to the Society of American Foresters. The essence of his views was
captured as follows: “And now, first and foremost, you can never afford to
forget for one moment what is the object of our forest policy. That object is
not to preserve the forests because they are beautiful, though that is good in
itself, nor because they are the refuges for the wild creatures of the wilder-
ness, though that, too, is good in itself; but the primary object of our forest

USDA Forest Service Proceedings RMRS-P-34. 2004.



policy, as of the land policy of the United States, is the making of prosperous
homes... Every other consideration is secondary” (Roosevelt 1905).

In 1905, again with considerable lobbying by the American Forestry As-
sociation, Pinchot’s political savvy, some last minute political bargaining, and
the argument that forests were crops, the forest reserves were transferred to
the Department of Agriculture to be administered by the Bureau of Forestry.
The Bureau of Forestry was then renamed the United States Forest Service.
Two years later the reserves were renamed national forests, because the term
reserve suggested they were to be held inviolate. They were not. Under
Pinchot’s vision, forests’ use was not contrary to conservation, an important
distinction from previous thought. When conflicting interests arose, the
question would always be decided from the standpoint of the greatest good
of the greatest number in the long run. During Pinchot’s tenure as Chief,
he gave a high priority to boundary survey, and men working alone on
horseback often added up to 3 million acres per day per man to the national
forests. For example, Pinchot and his Chief of Boundaries in one evening on
a hotel room floor prepared 17 proclamations creating or adding to national
forests in Arizona, California, New Mexico, Nevada, and Utah (Steen 1976).

During Pinchot’s tenure, Yale was the foremost training ground for
foresters joining the Forest Service. Building on the legacy Fernow initiated,
the concept of forest management to produce timber crops was central to
the education the schools offered. Therefore, the central theorem to the
approach of producing timber crops was protecting forests from damaging
animals, insects, and diseases and, most importantly, fire.

Timber Production and Forest Protection

By 1910 the forests of the United States were being utilized at a high rate
to fuel the expanding economy. The Midwest was expanding rapidly and
the forests of the West were ripe for providing raw materials. The western
United States was also being settled and, as cities and towns were being
developed, forest industries were quickly expanding to provide building
materials locally to the cities and railroads while continuing to ship products
to the Midwest. Western white pine and ponderosa pine were the primary
species with Douglas-fir and western larch also of value; many other species
were considered weeds and were often burned. Land clearing, railroads, and
a nonchalant view of fires allowed fires to often burn freely throughout the
Northern Rocky Mountains. In the spring of 1910, fires were ignited and
continued to burn throughout the summer and, by August, 1,700 fires were
burning throughout western Montana and northern Idaho. On August 20
and 21, dry Palouse winds blew causing these fires to erupt which resulted
in over 3.1 million acres of often very valuable timberlands to burn. This
loss created a sense of urgency to protect these valuable resources and to
provide direction for the fledgling Forest Service by establishing a mission of
protecting forests for human use (figure 2).

In 1864, because of the westward settlement movement, Congress con-
ditionally granted the Northern Pacific Railroad Company nearly 40 million
acres to aid in the construction and maintenance of a rail line from Lake
Superior to the Puget Sound. The land was given as every other square mile
in a checkerboard pattern in a 40-mile band through Wisconsin,

Minnesota, and Oregon and an 80-mile band through North Dakota,
Montana, Idaho, and Washington. These lands not only provided raw

USDA Forest Service Proceedings RMRS-P-34. 2004.



materials to the railroads in the western United States but also
became important components of the timber industries in the
region (Jensen and others 1995). With the combination of
public and private lands producing raw materials along with
the foundations of silviculture rooted in the German model,
nearly all of the silvicultural methods and their supporting
mensurational techniques being used were aimed at producing
timber crops. The practice of silviculture was closely inter-
twined with timber management (Toumey 1916, Ise 1920).

Fernow (1916) expressly stated, “Silviculture, the produc-
tion of wood crops, is pivot of the whole forestry business.”
This close association of silviculture and timber management
was evident even though Schlich (1904) and Gifford (1902)
both indicated that forests, and the silvicultural practices
used to maintain them, could be used for purposes other
than timber production such as “protection and adornment.”
The necessity to cultivate timber was being expressed by the
amount of timber being consumed by the developing nation.
And, for the United States to hold its position as a producer
of timber or even ensure its future needs for forest products,
a persistent effort to grow timber would be needed by the
nation, states, and individuals. Public forests were to be
managed by the Forest Service so they would ultimately attain
their maximum production and retain it for all time (Toumey
and Korstian 1947). This concept that wood supplies would
diminish prevailed through the management plans and the
policies affecting both private and public forests.

Contrary to western reserves, forests in the East were
largely cut over and in private ownership or tax delinquent
status. The Weeks Law of 1911 authorized the purchase of
lands as national forests in the East, and by 1920 more than 2
million acres of land had been purchased (Steen 1976). The
Clark-McNary Act of 1924 expanded the scope of the Weeks
Law, and led to the establishment of agreements with states
for purposes of fire protection on private lands. And finally,
the McSweeney-McNary Act of 1928 laid the groundwork
for a nationwide system of Forest Experiment Stations, which
has evolved into the largest organization for the conduct of
forestry research in the world.

Intensive Forest Management

SHOKEY 54F5 -

Care will prevent
9 out of 10 forest fires!

Figure 2—Early wildfire prevention posters
exemplified the urgency to protect
forests from wildfires.

By the 1930s, with the available work force from the Civilian Conserva-
tion Corp (CCCQC), forests were being rapidly developed for human use,
including recreation and water, but disease control, road building, and fire
fighting activities were also undertaken. This workforce was cheap and, most
importantly, enabled rigorous planting, cleaning, weedings, and thinnings
to be accomplished, bringing intensive forest practices to many regions. The
CCC also helped facilitate the large expansion of the research capabilities
of the Forest Service. For example, a full 200-man CCC camp F-127 was
established on the Priest River Experimental Forest and camp F-137 was
allocated to the Deception Creek Experimental Forest, both in northern

USDA Forest Service Proceedings RMRS-P-34. 2004.



Idaho (Graham 2004). During this period a wide range of experimental
forests and ranges was established to provide information for intensively
managing both public and private forests. These experimental areas were
outdoor laboratories used for developing intensive silvicultural practices, fire
danger rating systems, and insect and disease control strategies.

The CCC provided a work force for protecting forests from disease and
fire. This work force pulled Ribes (the alternate host of white pine blister
rust) on thousands of acres of public lands in the northern Rocky Mountains.
In addition, they were readily available to fight fires throughout the United
States. Both of these activities were key to bringing the national forests under
management. Wildfire destroyed valuable timber resources, as did white pine
blister rust. Because blister rust needed to be controlled on public lands to
protect private lands from the disease, it made these practices of national sig-
nificance. The legacy of this desire to protect the forests from insects, diseases
and fire continues to impact forest development yet today (2004).

Projections of future wood consumption in the United States, along
with estimates of wood production, indicated an increase in wood supply
would be needed. This was the case during Pinchot’s time and prevailed into
the 1980s (USDA 1984). For example, in 1936 it was estimated that the
United States used 48 billion board feet of timber but was only growing 32
billion board feet. The oftered solution was to invest millions of dollars in
acquiring additional areas as public forest, in fire protection, and in bringing
denuded lands of the country into better condition for later crops (Toumey
and Korstian 1947). The perception of a wood shortage in the United States
was reinforced after World War II with the increased demand for home
construction. The Forest Service was asked to meet this demand, especially
by the timber industry. This was demonstrated by the passing of the Multiple
Use and Sustained-Yield Act of 1960, which called for national forests to be
used for recreation, watershed, and wildlife purposes and for harvest to be in
balance with growth (Steen 1976). The view of a timber shortage continued
as the annual net growth on commercial timberlands in 1984 was estimated
at 21.7 billion cubic feet in the United States; but it was estimated that these
lands could produce 32.8 billion cubic feet by 2030 (USDA 1984). Again,
it was suggested that to meet the nation’s growing demands for timber and
timber products, large investments in silvicultural activities would be needed.
Therefore, the management plans developed for the national forests through-
out this period were generally timber management plans but often included
a domestic livestock-grazing component, both critical elements of utilizing
forests rather than preserving them. These management plans utilized con-
cepts presented by Fernow in 1900 as the forests were divided into working
circles, compartments, and sub-compartments. In each of these units timber
resources were inventoried, timber growth estimated, and an allowable cut
calculated to support a sustained yield of timber. Some of these plans went as
far as to suggest that all lands within a working circle, both public and private,
be regulated together to support the annual cut (USDA 1941).

During this period of expansion, 1910-1960, the Forest Service
developed a tremendous work ethic and a “can do” attitude. Fires were
vigorously suppressed and forest insect and disease epidemics were being
addressed. Silvicultural practices and mensurational techniques to support
these management plans rose to the challenge by developing planting, clean-
ing, thinning, fertilization, and harvesting methods to support high yield
forestry (Baker 1934; Steen 1976; Smith and others 1997).

USDA Forest Service Proceedings RMRS-P-34. 2004.



Forest Management Changes

Beginning in the 1960s and continuing in earnest in the 1970s, the
public’s perceptions and uses of the forests started to change. These changing
views were supported by more and more knowledge that forests were more
than crops to be grown and harvested (Spurr 1964 ). Forests provide an array
of goods and services of which one of the most important is the protection
and production of clean water. This fact was recognized by Theodore Roos-
evelt as one of the original reasons given for expanding the forest reserves
(Gifford 1902). In the 1970s, these changing attitudes and beliefs of the role
of forests in society were marked by the celebration of the first Earth Day in
1977. Also, this was a time in which significant laws were enacted such as the
National Environmental Policy Act of 1969, the National Forest Manage-
ment Act of 1976, and the Endangered Species Act of 1979 that impacted
forest management. Individually and in combination these laws began to
alter how the national forests were perceived and managed. In addition to
these laws, air travel became more common during this era, which allowed
the public to view forests from the air, disclosing the fragmented and artificial
look that forests took on with the application of square harvest blocks and
clearcutting used with high yield forestry (figure 3).

With these changing attitudes toward public forests and their use,
silvicultural methods and concepts started to acknowledge other forest uses,
in particular the production and maintenance of wildlife habitat. In 1981
the Society of American Foresters, in cooperation with the Wildlife Society,

Figure 3—View of clearcuts from the air showing the patchwork and fragmentation of forests.
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published its monograph describing Choices in Silviculture for American
Forests (Society of American Foresters 1981). Even though this text exempli-
fied the benefits produced by forests including water production, wildlife
habitat forage for livestock, aesthetic appeal, and recreation potential, the
silvicultural systems described were very traditional and differed little from
those described by Schlich in 1904. Similarly, Silvicultural Systems for the
Muajor Forest Types of the United States (Burns 1983) approached silviculture
in very traditional ways, producing traditional stand structures most often
designed to produce timber products.

In 1988 guidelines were established for managing spotted owl habitat in
the Pacific Northwest. These guidelines, and the listing of the spotted owl
as threatened under the Endangered Species Act in 1990, changed the em-
phasis of forest management either directly or indirectly on nearly all lands
administered by both the Forest Service and Bureau of Land Management
(FEMAT 1993). Also during this time the prediction of timber shortfalls
that had dictated forest management policies for decades was not material-
izing. From 1960 to 1985, the national forests met about 25 percent of
America’s softwood timber needs. This gave state and private stocks time to
recover and it is estimated that 50 years from now, timber growing in the
United States will be nearly double the levels in 1960 (Bosworth 2002).

Silviculture and Wildlife

Even though the conservation of spotted owl habitat was a novel forest
management objective in many circles, the production and maintenance of
wildlife habitat was not new to forestry. In addition to producing clean water,
some of the original reasons for preserving and managing forests were the
production of game animals for the aristocracies of Western Europe (Smith
and others 1997). What became apparent in the desired forest conditions for
wildlife was what remained was more important than what was removed in
forest treatments. Instead of sustaining a flow of wood products from forests,
the sustaining of forest processes, structures, and functions became more
prominent as a reason to manage forests, even though much was not under-
stood about these concepts and less was understood about how they could
be sustained. From a silvicultural perspective a component of these concepts
could be identified; that is stand and forest structures could be described as
desirable for wildlife and possibly contain some other advantageous forest
properties.

Thomas and others (1979) described successional stages of forests that
played various roles in the life histories of wildlife species. These stages
ranged from grass-forb to old growth and included composition, decadence,
horizontal structure, vertical structure, and other elements important for
wildlife. Oliver and Larson (1990) also described the development of forests
using structural stages including stand initiation, stem exclusion, understory
reinitiation, and old growth. Both of these classification systems concen-
trated on describing stands and forests and in particular what was left not
what was being removed.

Reynolds and others (1992) used structural stage classifications to de-
scribe stand and forest habitat for the northern goshawk and its prey species
tor the forests of the southwestern United States. What were not included
in the desired conditions for the goshawk were the preferred silvicultural
methods to create and maintain these desired conditions. These desired
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Figure 4—Ponderosa pine stand located in the southwestern United States illustrating the
clumpy and irregular stand structure that is preferred goshawk habitat.

conditions were to be maintained over multiple spatial and temporal scales
ranging form groups of trees to landscapes and over time periods exceeding
200 years (figure 4). “While superficially the recommendations by Reynolds
and others 1992 were another example of narrow, single species focus, is
in fact a coarse filter approach that includes a mosaic of age and structural
classes to provide habitats and food chains for a broad spectrum of wildlife
species including goshawk prey species... approximating the composition,
structure, and landscape patterns existing in southwestern ponderosa pine
forests before fundamental changes in natural disturbance regimes and
forest structure”(Long and Smith 2000). The challenge for the art and
science of silviculture was to use the knowledge gained over 100 years on
treating forests to produce timber to use this to create and maintain desired
conditions for goshawks and their prey. Some of the silvicultural concepts
appropriate for goshawk habitat management include area regulation of
desired conditions over large landscape units, free selection silvicultural
systems (combining group and individual tree selection systems with reserve
trees left in all structural stages), variable cleaning and weeding prescriptions,
variable spacing in thinnings, coarse woody debris recruitment, and snag
retention to name a few. This is far different from the “slick and clean”
forestry advocated by Fernow in 1900.

Even though the public attitudes toward the value of forests and their
management have changed, there continues to be a strong ethic “that the
most important product of forest management is timber” resulting in timber
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management and silviculture being synonymous. Because the production and
harvest of timber crops has been the primary objective of American silvicul-
ture for over 100 years, the association was inevitable. In addition, foresters
felt comfortable with this objective and felt “good forestry” would result in
strong, viable wildlife populations, clean water supplies, and ample recre-
ational opportunities as a side benefit. Concerns about wildlife and aesthetics
were reduced to constraints on timber management, such as the size and
location of cutting areas and the minimum age of trees at the time of harvest-
ing (Smith and others 1997). For the practitioners of silviculture or applied
ecology to remain leaders in designing, prescribing, and implementing
management systems, they need to be innovative, adaptable, open minded,
and willing to partner with a range of other disciplines to sustain forests

Silviculture and Wildfire

Nowhere is this leadership and commitment of innovative silvicultur-
ists needed more than in designing forest management systems aimed at
reducing the occurrence, intensity, and severity of wildfires (Graham 2003).
Similar to creating and maintaining structures to produce wildlife habitats
some of the same concepts apply to designing structures for affecting wildfire
behavior and severity. In our desire to protect forests for human use, society
has modified the structure, composition, and native processes occurring in
many of our forests. Most evidence suggests, the dry forests dominated by
ponderosa pine and Douglas-fir have undergone the most changes because
of successful fire exclusion while the moist forests (western redcedar, western
hemlock) and cold forests (lodgepole pine, Engelmann spruce, subalpine
fire) were minimally impacted (Hann and others 1997). Like the methods
used for producing wildlife habitat, what is left and its characteristics after
treatment are important elements in designing stand and forest structures
aimed at modifying wildfire behavior and severity.

Crown base height, number of fuel strata, surface fuels, fine fuels, coarse
woody debris, hydrophobic soils, lower duff moisture, ladder fuels, crown
bulk density, and fuel models are only some of the elements needed when
designing vegetative treatments to modify the wildfire condition class of for-
ests (Graham and others 1999; Scott and Reinhardt 2001; Robichaud and
others 2000; Graham 2003). These elements are different than culmination
of mean annual increment, normal stocking, yield capability, rotation age,
net present value, rings per inch, Keen’s tree classes, or site index that were
common elements of many timber production silvicultural prescriptions
(Smith and others 1997). However, the same basic understanding of
climate, soil, forest development, silvics, succession, silvicultural methods
(e.g., planting, tending, pruning, thinning), and so on used for the
development of both timber and wildlife habitat prescriptions can be used
to develop these critical fuel modification prescriptions. Most importantly,
wildland fuels are composed of live and dead vegetation of which silviculture
is the art and science of managing.

Change Is Often Difficult But Exciting

Silviculturists cannot be experts in all disciplines required for successtul
forest management. However, they need to have a basic understanding of
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these other disciplines. Not only is an understanding beneficial but also
willingness and collaborative attitude are helpful when venturing into difter-
ent and new management directions. Because of the long tradition of timber
management and silvicultural systems associated with this management
objective, it is easy to repackage the “tried and true” silvicultural methods
and prescriptions into fuel management or wildlife emphasis prescriptions.
For example, prescribe evenly spaced plantings, cleanings, and thinnings
even though a clumpy or groupy nature of a forest may be desired. Similarly,
through tradition, prescribe the removal of disease or insect susceptible trees
even though they may be important elements of a functioning forest or
desirable attributes for wildlife.

Nowhere on the landscape is innovation and imagination needed more
from silviculturists than designing systems for managing stands within the
urban interface. Most often people have a tremendous attachment to forests
in these settings even though their very nature may threaten people’s homes
and lives if they burn (Kent and others 2003) (figure 5). Prescriptions in the
urban interface usually necessitate the balancing of people’s desires to live in
a forest yet maintain conditions that reduce the risks of unwanted fire. Rarely
will traditional silvicultural methods (e.g., seed tree, shelterwood) used for
timber production produce and maintain the desired conditions in the urban
interface.

Figure 5—In recent years management objectives aimed at reducing the intensity and severity of wildfires have
become more common, especially in the urban interface.
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The size of wildfires and the number of acres burned by wildfires has
been increasing in recent years after declining for several decades (Agee
1993, Graham 2003). These areas (Bitterroot-Montana, Hayman-Colorado,
Biscuit-Oregon, Rodeo-Chediski-Arizona) provide tremendous challenges
for silviculturists in prescribing treatments to restore these forests. Many of
these fires burned large areas destroying native seed sources, which makes
planting of site-adapted seedlings challenging but imperative. The introduc-
tion of exotic plants (e.g., cheatgrass) can alter successional pathways and
make the restoration of native vegetation uncertain. Similarly, because of
uncharacteristically severe fires, soil properties can be altered to increase
soil erosion and reduce site productivity, again increasing the challenges
silviculturists face in addressing the conditions left after wildfires (Robichaud
and others 2000). Depending on the type of forest burned, large amounts
of standing and down woody material is often left after wildfires (Brown and
others 2003, Graham 2003). In some circumstances this material has com-
mercial value that can help pay for fire restoration efforts, but silvicultural
systems need to be designed to ensure the integrity and long-term future of
the forest. The above are only some of the issues in which the silviculture
and fire disciplines must work collaboratively to address.

Silvicultural Legacy

Silviculturists can be extremely proud of what the discipline accomplished
in the last 100 years. Through their leadership and innovation the timber
famine projected for many decades never materialized. Within the Forest
Service, silviculturists set the standard for continuing education and the
application of science-based practices in land management, a standard which
other disciplines try to emulate. Beginning with the aristocracies of Europe,
the importance of forests in maintaining wildlife and water along with timber
resources was recognized, and silviculturists such as Schlich (1904 ) provided
silvicultural methods and principles applicable for meeting these management
objectives. These same principles can be applied to present management
objectives such as reducing the risk of severe and intense wildfires, or
future unknown objectives. Most importantly, silviculturists need to be the
champions of maintaining forest integrity and resiliency no matter the forest
setting or the management objectives presented. No other discipline has the
understanding, legacy, or long-term view necessary to design and prescribe
forest management activities in the 21 century.
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A Collaborative Fire Hazard Reduction/
Ecosystem Restoration Stewardship Project in
a Montana Mixed Ponderosa Pine/Douglas-Fir/
Western Larch Wildland Urban Interface

Steve Slaughter’, Laura Ward', Mike Hillis?, Jim Chew?,
Rebecca McFarlan?

Abstract— Forest Service managers and researchers designed and evaluated alterna-
tive disturbance-based fire hazard reduction/ecosystem restoration treatments in

a greatly altered low-elevation ponderosa pine/Douglas-fir/western larch wildland
urban interface. Collaboratively planned improvement cutting and prescribed fire
treatment alternatives were evaluated in simulations of disturbance processes and
interactions with the partially restored wildland urban interface conditions. The
SIMPPLLE modeling system was used to reconstruct historic landscape conditions
across a broad range of fire regimes and to model future landscapes that reduce
fire severity, restore wildlife habitats, reduce bark beetle severity; and disclose
environmental effects.

Introduction

The Frenchtown Face, on the Ninemile Ranger District of the Lolo
National Forest, is a south to southwest facing landscape approximately 15
miles west of Missoula, Montana (figure 1). The 96,381 acre landscape is
comprised of the Lolo National Forest (45 percent), private ownerships (27
percent), Plum Creek Timberlands (25 percent), and Montana Department
of Natural Resources and Conservation land (3 percent). The landscape
character is integral to the rural community settings of Frenchtown and
Huson, located on the southern edge of the project boundary.

1 USDA Forest Service, Lolo National
Forest, Ninemile Ranger District,
Huson, MT.

2Retired, USDA Forest Service, R1
Cohesive Strategy Team, Missoula, MT.
3 USDA Forest Service, Rocky Mountain
Research Station, Missoula, MT.

Figure 1—Frenchtown Face topography.
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Roughly one-third of the landscape is considered benchlands that gradu-
ally rise in elevation from the Clark Fork River to the toe of the steeper
mountain slopes along the Ninemile Fault. The benchlands are characterized
by open grassland, agricultural land, and /or residences within the forest
that make up the wildland urban interface zone. The forested residence
benchland areas consist mainly of ponderosa pine /Douglas-fir habitat types
with inclusions of western larch.

In 1992 the Lolo National Forest implemented a landscape approach to
ecosystem management: management for healthy and sustainable communi-
ties and landscapes, and management for sustainable human values, uses, and
populations. Using this approach, 15 landscapes, or ecosystem management
areas, of the Ninemile Ranger District were prioritized by restoration needs.
The highest priority for restoration were landscapes containing the greatest
amount of low-elevation warm forest habitat types characterized by low
intensity, frequent fire regimes. Frenchtown Face became the fourth major
project addressing this approach.

In March 2000, an additional landscape analysis highlighted the need to
restore the landscape components of composition, structure, and function to
near presettlement times. The new analysis pointed out the need for:

e fuel reductions in wildland urban interface and upland forests;

e improved forest health;

e reductions of insects and diseases from abnormally elevated risk levels;
e improved big game winter range;

e cnhancement and recruitment of old growth forests; and

¢ meeting Lolo Forest Plan expectations in recreation and aesthetic scenery
values.

Current Landscape Conditions

Restoration of ponderosa pine forests to landscapes resembling presettle-
ment times has become a necessity due to the current upward density trends
of small diameter trees along with higher fuel loading levels (Bonnicksen and
Stone 1982; Chang 1996; Parker 1984; Parsons and DeBenedetti 1979).
Fire suppression, historic grazing, timber harvesting, and climatic changes
have all played a role in the upward trends of density and fuel loadings
within the Frenchtown Face restoration project area (Arno and others 1997;
Parsons and DeBenedetti 1979; Skinner and Chang 1996). The probability
of high severity wildfire and deterioration of ecosystem integrity have
increased on the landscape (Dahms and Deils 1997; Patton-Mallory 1997,
Stephens 1998; Weatherspoon and Skinner 1996). This deterioration is simi-
lar to conditions reported in the Blue Mountains of Oregon and Washington
(Everett 1993), the Columbia River Basin (Quigley and Cole 1997), and the
Sierra Nevada Ecosystem Project (SNEP 1996, Weatherspoon and Skinner
1996). All of these have highlighted the need for large-scale, strategically lo-
cated small tree thinning, fuel treatment, and use of prescribed fire (Mclver
and others 2001).

The dense, young ponderosa pine /Douglas-fir forests that occupy the
low elevation areas of the Frenchtown Face are substantially different from
historic ponderosa pine stands as a result of fire suppression. Several wildlife
species are at risk as a result. The goals of the Frenchtown Face project in-
clude restoring habitat for those species. Wildlife species in the Frenchtown
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Face area include those typical for the Northern Rockies. Species of special
interest due to their sensitive, management indicator, or federally listed
status include pileated woodpeckers, flammulated owls, northern goshawks,
mule deer, elk, wolves, American martens, fishers, wolverines, and Canada
lynx.

Along with wildlife habitat restoration, invasive weed mitigation is a major
component of the project. Invasive weeds are abundant in much of the low
elevation portions of the Frenchtown Face. Weeds can substantially reduce
the forage productivity for wintering deer and elk (USDA 1999). Weeds
have a competitive advantage over native plants and are shade-intolerant
and disturbance-dependent, which complicates the restoration of frequent,
fire-dependent forests.

Historic Landscape Conditions

The historic range of variability (HRV) encompasses a large temporal
range that produced ecological conditions that were sustainable over a
long time frame. The HRV attempts to describe the ecosystems prior to
influences from European descendents. Human influences are considered a
part of the natural condition. The HRV was developed from several sources:
findings of the Interior Columbia Basin (USDA 1997); Fischer and Bradley
(1987); Losensky (1993); a fire history study (Losensky 1989) within the
analysis area; and SIMPPLLE simulations.

Two vegetation groupings used in this project are: (1) habitat type groups
(HTG) as used in the Lolo Forest Plan (April 1987); and (2) fire groups
(FG) (Fischer and Bradley 1987). Only the habitat types that comprise the
warm, dry lower slopes are a focus of this project. These areas represent 61
percent of the project area.

Warm-Dry Forest Vegetation of Lower Slopes

Historical conditions perpetuated seral forests of ponderosa pine and
western larch in association with Douglas-fir and, in some instances,
lodgepole pine. The dry benchlands at low elevations during presettlement
were typified by open grown stands of old growth ponderosa pine of large
sawtimber size (Losensky 1993). Frequent low intensity fires kept litter and
slash accumulations very low, brush species were less common than present
day and more succulent, and Douglas-fir was a minor component of the
forests. Fire thinned saplings, removed Douglas-fir thickets, and caused
pitching of tree boles, which created long-standing snags. Stand replacement
events were rare. Tree mortality was largely in the form of small pockets of
windthrow, root disease, or bark beetle activity. These small openings were
soon regenerated by ponderosa pine and Douglas-fir with ponderosa pine
being favored by frequent fire.

Adjacent toe-slopes are characterized as warm-dry to warm-moist Doug-
las-fir, grand fir, ponderosa pine, and larch. Associated firegroups 4, 6, and
11 characterize these environments. A tendency toward overstocking and
development of the dense understories increase the hazard of stand-replace-
ment fires on these sites.

On the north sides of these ridges, it was not uncommon for Douglas-fir
to dominate all stages of succession. Ponderosa pine, larch, and lodgepole
pine are seral components whose abundance varies by habitat type phase.
Figure 2 displays the current extent of the dominant cover types. Figure 3
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Figure 2—Current ponderosa pine, ponderosa pine/Douglas-fir, larch, and Douglas-fir cover
types within Frenchtown Face.
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Figure 3—Historic representation of ponderosa pine, ponderosa pine/Douglas-fir, larch, and
Douglas-fir cover types produced by SIMPPLLE simulations.
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Figure 4—Simulated
occurrence of light-
severity, mixed-severity,
and stand-replacing fire on
a historic representation
of the Frenchtown Face
landscape for a one-
decade period.
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displays a representation of historic cover types produced by SIMPPLLE
simulations. Stand-replacing fire hazard like the adjacent toe-slopes tendency
increased on these sites due to dense understory vegetation. A wide array

of forest structures and compositions within the natural fire regime are pos-
sible (figure 4). Stands tended to be evenly distributed over the various age
classes with 30 percent less than 40 years of age and 35 percent old growth
(Losensky 1993).

In firegroups 4 and 6, large diameter snags occurred at low densities
(Ritter and others 2000) and provided nest habitat for pileated woodpeckers
and flammulated owls (McClelland 1977, Wright 1996). The relatively
open understories provided flammulated owls opportunities to forage using
a combination of drop pouncing and hawk gleaning behavior on moths
and grasshoppers (Wright 1996). Frequent, non-lethal wildfires repeat-
edly scarred ponderosa pines. This resulted in cumulative pitch build-up
that made those trees very rot-resistant after they died, resulting in snags
that stood for very long periods of time (Smith 1999). Low-to-moderate
stocking and frequent non-lethal underburns resulted in a high forage pro-
ductivity of understory shrubs and grasses, which provided forage for high
populations of wintering mule deer and elk (Hillis and Applegate 1998).
These open forests also provided excellent foraging habitat for northern
goshawks (Clough 2000), although the stands were generally too open
for nesting. The small percentage of old growth that remains has dense,
continuous understories which preclude successful foraging by flammulated
owls (Hillis and others 2002). While small diameter snags are abundant, they
lack the high pitch content of trees that are exposed to frequent fires, and
thus have little durability after death. Mule deer and elk have been largely
replaced by white-tailed deer. There has been an increase in songbirds, such
as vireos and Townsend’s warblers, that occupy dense forests (Hutto and
Young 1999).
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Collaborative Process

A community-based purpose and need, and public-recommended pro-
posed actions for the Frenchtown Face project, were formulated through a
series of public meetings

These meetings formed the basis of the environmental analysis and formal
public scoping process under NEPA (National Environmental Policy Act).
An underling premise of this approach is that formal public participation in
the development of a proposal will lead to a more efficient and less conten-
tious environmental analysis and project decision.

Figure 5 represents the expanded NEPA sequence process including the
steps taken in collaborating with the public.

Participation was fairly broad with a cross section of local residents, forest
industry, State agencies, rural fire department, and media. Separate, concur-
rent meetings were held with local environmental group representatives who
declined to attend public meetings. Public values were expressed as purpose
and need statements by the interdisciplinary team and then validated by the
public at subsequent meetings.

The public identified a need for coordinated block management of
noxious weed treatments, environmental education in schools, historic site
interpretation, increased communication through the formation of interest
groups, and enforceable decisions, e.g., road closures. Environmental group
participation resulted in a reduced magnitude, or area, of timber harvest
restoration treatments, and the creation of three alternatives: 2, 3, and 4.

During formal scoping, the public and environmental groups responded
with issues and concerns to the proposed action. The interdisciplinary team
used these responses to formulate draft alternatives. The draft alternatives were
then presented at public meetings for additional feedback and adjustment.

Restoration Treatments

Ecological sustainability requires the restoration of process as well as
structure (Stephenson 1999, Arno 1996). Fire regimes and stand structures
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Figure 5—Frenchtown Face NEPA sequence.
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interact and must be restored in an integrated way. Fire alone may be too
imprecise or unsafe in many settings, so a combination of treatments may
often be the safest and most certain restoration approach (Allen 2002). A
recent wildland urban interface fuel reduction study (Scott 1998) conducted
on the Ninemile Ranger District to compare thinning treatments found the
most effective treatment was a thinning from below to a basal area of 76

ft? /acre followed with prescribed fire (similar to the proposed action). And
that periodic application of the treatment would lead to an open-structured
forest of large trees with high aesthetic value.

Three recent restoration projects on the Ninemile Ranger District treat
low-elevation ponderosa pine /Douglas-fir forests of frequent low intensity
fire regime in a similar fashion as the Proposed Action, Alternative 2 (i.e.,
Starkhorse, Petty Rock, and Sawmill-Cyr). Single tree selection retaining a
residual basal area of 30 to 60 ft?/acre thinned stands from below, cutting
excess understory trees and thinning excess crowns in the overstory to par-
tially restore historic structure. The harvesting was followed with understory
prescribed burning to partially restore historic ecological processes. The
average harvest volume of these three projects was 3 MBE /acre with 49
percent of the volume coming from cut trees less than 12 inches DBH, 45
percent from cut trees 12 to 19 inches DBH, and 6 percent from trees over
19 inches DBH.

Through our collaborative process, a total of five alternatives were developed.

No Action - Alternative 1

Under the No Action alternative, no new actions would be implemented.

Proposed Action - Alternative 2

The Proposed Action provides for improvement cutting and underburn-
ing on gentle slopes under 35 percent in the warm-dry sites found on
the benchlands; ecosystem maintenance burning on sites not feasible for
improvement cutting or on steep slopes or high risk weed sites; decommis-
sioning of roads; aerial and ground spraying of noxious weeds; and a host
of recreation and interpretation activities. Reducing the stocking to a range
of 70-100 BA would increase a stand’s survivability of fire under normal
burning conditions and provide greater growth and resistance to insect out-
breaks. A recent wildland urban interface fuel reduction study (Scott 1998)
conducted on the Ninemile Ranger District to compare thinning treatments
found the most effective treatment was a thinning from below to a basal area
of 76 ft? /acre followed with prescribed fire (similar to the proposed action).
And that periodic application of the treatment would lead to an open-struc-
tured forest of large trees of high aesthetic value. A stocking of 70-100 BA,
however, was needed to avoid substantially increasing the risk of spreading
noxious weeds. The 70-100 stocking level was a recognized compromise to
meet mutually exclusive public needs.

Alternative 2, But With a 12-inch Diameter Limit -
Alternative 3

This alternative places a 12-inch diameter cut limit on the improvement
cutting of Alternative 2. This alternative was based on the Environmental
Group collaboration and the aversion to cutting large diameter trees on
national forestland. Approximately 78 percent of Alternative 2 timber har-
vest treatments would be feasible under a 12-inch DBH limitation. Feasible
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treatment locations have at least 3,000 board feet (MBF) (Barbour 2001
used 2.7MBE /acre) of excess stocking between 7 inches (minimum sawlog
size) and 12 inches DBH (example: 38 cut trees per acre averaging 10 inches
DBH represent 20 ft* of basal area and 3 MBF). Using stewardship contract
revenues, additional area could be treated manually and /or mechanically to
remove excess trees.

No Commercial Timber Harvest - Alternative 4

This alternative differs from Alternative 2 in that all commercial timber
harvests are dropped. Prescribed fire is still used.

Modified Proposed Action - Alternative 5

This alternative builds on Alternative 2 by adding improvement cutting
to high weed risk sites on gentle terrain and adding improvement cutting on
steep slopes to enhance a portion of the existing old growth stands.

Table 1 compares the alternatives. “Improvement cutting” (IMP) consists
of both thinning from below and crown thinning to remove excess stock of
merchantable-sized trees (7 to 19 inches DBH) with a target residual basal
area of 70 to 100 ft*>/acre. Shade-intolerant (seral) ponderosa pine and
western larch trees are favored for retention though not to the exclusion
of shade-tolerant Douglas-fir. “Mechanical” (MECH) is a combination of
noncommercial understory fuel reduction treatments including slashing by
hand using chainsaws followed by handpiling and burning of the handpiles
where smoke from underburning would be unacceptable to the surround-
ing residences. “Underburning” (UB) is ecosystem maintenance burning
following the improvement cutting or other silvicultural systems. A spring
burn removing portions of the duft and litter, down fuels, understory
Douglas-fir seedlings and saplings, and aboveground segments of associated
understory flora. “Improvement cutting and group tree selection” (IMPGT)
is group tree selection occurring on 10 percent of the area, in scattered small
one-quarter-acre to 2-acre patches of seed tree or shelterwood-like cutting.
“Slash and EMB” is noncommercial hand felling of excess understory (slash-
ing) to augment fuel conditions for the subsequent ecosystem maintenance
burn (EMB) or to simply ensure that unwanted excess understory seedlings
and saplings are removed. “Thin” is commercial thinning of western larch
stands that contain some Douglas-fir and ponderosa pine. Underburning is
planned after these harvests. “Shelterwood (SW) with reserves” is proposed
to replace heavily root disease infested Douglas-fir stands with planted non-
host ponderosa pine.

Table 2 shows the restoration projects associated with the alternatives.

Table 1—Comparison of harvests and prescribed fire in alternatives.

Treatment SIMPPLLE equivalent treatment ALT2 ALT3 ALT4 ALTS
IMP+MECH  Ecosystem management thin & underburn 152 152 152
IMP+UB Ecosystem management thin & underburn 2602 2382 337
ITS+UB Ecosystem management thin & underburn 3242
IMPGT+UB Ecosystem management thin & underburn 493 599
MECH Ecosystem management thin & underburn 387 387 539 364
SW+UB+P Shelterwood cut w/ reserves & plant 41 41
Sish+EMB Ecosystem management underburn 6829 7583 10104 5727
Thin Ecosystem management thin & underburn 139 139 139
Total acres 10643 10643 10643 10624
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Table 2—Frenchtown Face restoration projects associated with the alternatives and planned to be funded through stewardship
projects or other appropriations.

Proposed Action Modified Proposed Action
Alternative 2 Alternative 5
Likely funded Likely funded
through Proposed through
Stewardship funded activity Proposed stewardship activity stewardship
Road construction
Long-term road 0 miles 0 miles 0 miles 0 miles
Short-term road 5.24 miles 5.24 miles 5.94 miles 5.94 miles
Road reconstruction 56.21 miles 56.21 miles 65.82 miles 65.82 miles
Road obliteration 17.68 miles 17.68 miles 22.91 miles 22.91 miles
Road decommissioning 76.8 miles 24.7 miles 114.7 miles 114.7 miles
BMP implementation 65.3 miles 43.77 miles 66.69 miles 66.69 miles
Culvert removal/replacement 19 2 19 15
Little McCormick Cr. stream restoration 0.5 miles 0.5 miles 0.5 miles 0.5 miles
Stony Cr. diversion restoration 0.5 miles 0 miles 0.5 miles 0 miles
Mule pasture/riparian fencing 0.25 miles 0 miles 0.25 miles 0 miles
Weed treatment 6100 acres 6100 acres 6100 acres 6100 acres
Recreation
Mountain biking trail 0.25 miles 0 miles 0.25 mile 0 miles
Horse trail reconstruction 1.5 miles 0 miles 1.5 miles 0 miles
Dev. parking area 2 0 2 0
Parking area-update/improve 8 0 8 0
OHV trailheads 2 0 2 0
OHRYV frail 0.5 miles 0 miles 0.5 miles 0 miles
Education
Signs 3 2 3 2
OHYV curriculum 1 1 1 1
Student Monitoring Program-dev. 1 1 1 1

Comparison of Alternatives

Alternatives 3 and 4 were eliminated from the detailed study after a closer
assessment. Attempting to prescribe-burn overly dense sawlog-sized live
stands to meet the purpose and need is impractical without first removing
“excess” trees (Allen 2002). Both Alternative 3 and 4 result in an accumula-
tion of basal area over time (Barbour 2001) as trees 12 inches DBH and
larger are never removed by timber harvest (Alt 3) and most trees over 5
inches DBH are never removed by prescribed fire (Alt 4). These alternatives
create and maintain densely stocked stands of uniform-sized trees that have a
high risk of bark beetle infestations (Barbour 2001) and fail to restore forest
health or reduce the risk of stand replacement wildfires (Fiedler 2001). Sites
with mechanical fuel treatment appear to have more dramatically reduced
fire severity compared to sites with prescribed fire only. Forests with much
lower density and larger trees have less continuous crown and ladder fuels,
higher crowns off the ground, and thicker bark resulting in lower potential
for crown fire initiation and propagation and for less severe fire etfects (Pol-
let 1999).

The comparison of alternatives utilized simulations by SIMPPLLE.

The relatively small area treated under restoration timber harvests
provides little distinction between alternatives (see table 1), including the
No Action alternative, Alternative 1, on a landscape basis as reflected in
SIMPPLLE simulations. There are no significant differences in simulated
processes such as bark beetles, root disease, and fire, between alternatives
at the landscape level. Figure 6 displays the level of fire that is simulated to
occur with the alternatives and no treatment.
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Figure 6—Acres of stand replacement fire (SRF), moderate severity fire (MSF), and low
severity fire (LSF) simulated over 50 years by alternative.
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Figure 7—Distribution of stand replacement fire (SRF), moderate severity fire (MSF), and
low severity fire (LSF) simulated over 50 years by alternative compared to the simulated
historic condition.

Figure 7 displays the distribution of fire types between the alternatives
and the historic representation created by SIMPPLLE. The two alternatives
display very light gains toward the distribution modeled to be the historic
representation.

Table 3 displays the area of restoration timber harvests by alternative.

Figures 8 and 9 display a slight shift in both ponderosa pine and ponderosa
pine /Douglas-fir cover types toward the simulated historic conditions.

Table 3—Restoration timber harvest acres under each alternative shown as a percentage of: (1)
warm, dry benchlands on national forest lands; (2) total national forest lands in the analysis
area; and (3) the entire landscape across all ownerships.

Warm-dry
Restoration benchlands Total
timber National National Entire
Alternatives harvest acres Forest lands Forest lands landscape
No Action 0 0% 0% 0%
ALT 2 — Proposed Action 3,405 1.7% 7.4% 3.5%
ALT 5 — Mod. Proposed Action 4,530 15.6% 9.8% 4.7%
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Figure 8—Post treatment ponderosa pine acreage in the entire Frenchtown Face landscape
simulated over 50 years by alternative compared to the simulated historic condition.
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Figure 9—Post treatment ponderosa pine/Douglas-fir acreage in the entire Frenchtown Face
landscape simulated over 50 years by alternative compared to the simulated historic
condition.

However, very little change in density is made toward the historic condi-
tion with either alternative, as can be seen in figures 10 and 11.

Although major differences may not exist on a total landscape scale as a
result of the alternatives, significant differences do exist between alternatives
at very specific locations within the wildland urban interface in comparison
with untreated conditions.

Since all of these alternatives treated a small portion of the total landscape,
SIMPPLLE simulations were made increasing the magnitude of treatment
by three-fold to help identify the level of treatments needed to have an
impact on the total landscape.

A comparison of the simulated acres of fire spread from a single “locked-
in” mixed severity fire was made between the original treatment acres and a
tripled treatment acres. The simulations were made using average conditions
with no extreme fire probability and no fire suppression. The tripled treat-
ment acres had slightly fewer simulated fire acres. Tripling treatments and
locking in a mixed-severity fire with extreme conditions, wind-driven, on the
Frenchtown Face showed a dramatic difference in the amount of fire spread
received from one locked in fire. Figure 12 represents the difference between
tripling versus original acreage treated in Alternative 2, the proposed action,
and Alternative 5, the modified proposed action.
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Figure 10—Post treatment acreage with 15-39% canopy coverage in the entire Frenchtown
Face landscape simulated over 50 years by alternative compared to the simulated historic
condition.
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Figure 11—Post treatment acreage with 40-69% canopy coverage in the entire Frenchtown
Face landscape simulated over 50 years by alternative compared to the simulated historic

condition.
W 5K
B MEF
o L&F

Figure 12—Comparison of simulated fire spread by fire severity for each alternative and the
spread and severity of the same fire occurring when the treated area is tripled.
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Project Status

The success of the collaborative process is not yet fully evident as the
Draft Environmental Impact Statement (DEIS) and associated public com-
ment period has not occurred. The Final Environmental Impact Statement
(FEIS) and Record of Decision (ROD) are scheduled for completion and
publication in May 2004. The level and content of public comment to the
DEIS and subsequent appeals and litigation of the respective FEIS and ROD
will provide the remaining evaluation of this collaborative process.

Comparisons from SIMPPLLE provide the agencies and the public excel-
lent opportunities to discuss many questions. SIMPPLLE demonstrated that
increasing the magnitude of treatment by three-fold would have increased
the odds substantially that young and old growth stands would survive
severe events. This helps to address questions as: (1) How much treatment
is needed to substantially reduce the risk of stand-replacing fire? (2) For spe-
cies-at-risk like flammulated owls, how much treatment across the landscape
is needed to turn the habitat trend into a positive direction? (3) How much
treatment is acceptable given the quantified risks of not treating those
landscapes recognizing the inevitable consequences? SIMPPLLE provided
landscape level and stand level significance in comparing the alternatives.
The SIMPPLLE model provided an improved method of describing the
range of historic variability across all ownerships.

The area feasible for restoration using commercial timber harvest (4,874
acres under Alternative 5) is typically a small percentage (18 percent of the
landscape warm-dry type) under second growth forest conditions. SIMP-
PLLE provided landscape level and stand level significance in comparing
the alternatives. The SIMPPLLE model provided an improved method
of describing the range of historic variability across all ownerships. Since
1992, when the Lolo National Forest implemented a landscape approach to
ecosystem management, just 4,365 acres of restoration timber harvests have
been implemented on the Ninemile Ranger District. This represents just
2.7 percent of the warm-dry habitat type (163,339 acres) on the District.
Alternative 5 essentially doubles the total area treated by restoration timber
harvests, for a combined total 5.5 percent of the district’s area. Presently,
no other landscape scale restoration projects using timber harvests with
prescribed fire are funded for analysis. A similar level of restoration ac-
complishment exists for using prescribed fire in these warm-dry habitat types
where the district program struggles to complete approximately 2,000 acres
of ecosystem maintenance burning annually, treating about 6 percent of the
warm-dry type since 1992.

The public more readily accepts restoration projects involving timber
harvest to enhance wildlife habitat than projects driven by commodity-
extraction. In similar restoration projects, analysis has disclosed that treating
a landscape with improvement cutting and underburning has protected and
recruited old growth habitat, to the benefit of such species as flammulated
owls and pileated woodpeckers. While the literature supports such findings
(Hillis and others 2000), further quantification has been lacking. Using
SIMPPLLE provides further quantification of the risk to survivability
that any timber stand has for the long-term. For instance, SIMPPLLE
demonstrated that Alternative 5 still carries substantial risk that much of
the warm-dry portion of the landscape could lose young and old stands to
stand-replacing fire during extreme wildfire conditions. SIMPPLLE also
demonstrated that increasing the magnitude of treatment by three-fold
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would increase the odds substantially that young and old growth stands
would survive extreme wildfire conditions. Such comparisons provide agen-
cies and the public excellent opportunities to be involved in dialogue about
issues such as: (1) what amount of treatment is needed to affect a positive
wildlife habitat trend and (2) how do treatments compare given the quanti-
fied risks of taking no action.
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Silvicultural Activities in Pringle Falls
Experimental Forest, Central Oregon

Andrew Youngblood', Kim Johnson?, Jim Schlaich®, and
Boyd Wickman*

Abstract— Pringle Falls Experimental Forest has been a center for research in pon-
derosa pine forests east of the crest of the Cascade Range since 1931. Long-term
research facilities, sites, and future research opportunities are currently at risk from
stand-replacement wildfire because of changes in stand structure resulting from past
fire exclusion. At the same time, many of the special values are increasingly at risk
from recreational impacts and nearby urban development. We describe the special
values associated with ponderosa pine (Pinus ponderosa Dougl. ex Laws.) stands in
the Experimental Forest, we present our rationale for a series of treatments, and we
discuss implementation of a set of silvicultural prescriptions designed to protect and
enhance the special values of Pringle Falls Experimental Forest.

Introduction

Experimental forests and ranges constitute a national network of outdoor
laboratories designated by the U.S. Department of Agriculture, Forest
Service for the express purpose of providing sites for research. They have a
rich legacy of providing information to guide forest management activities.
Experimental forests provide a unique research platform from which to ad-
dress forest management questions at various scales and offer an important
advantage for collaborative research. Pringle Falls Experimental Forest (here-
after Pringle Falls) (lat. 43°42” N, long. 121°37° W), within the Deschutes
National Forest in central Oregon and 48 kilometers (30 miles) southwest
of Bend, Oregon (figure 1), is a center for silviculture, forest management,
and insect and disease research in ponderosa pine ( Pinus ponderosa Dougl.
ex Laws.) forests east of the Oregon Cascade Range. The 4477-hectare
(11,055-acre) experimental forest is maintained by the Pacific Northwest
Research Station, in cooperation with the Pacific Northwest Region and
Deschutes National Forest, for research in ecosystem structure and function
and demonstration of management techniques.

Pringle Falls is the oldest experimental forest and the site of some of the
earliest forest management and silviculture research in the Pacific Northwest.

'USDA Forest Service, Pacific

Thornton T. Munger, first Director of the Pacific Northwest Research Station Northwest Research Station, LaGrande,
(then Experiment Station), and colleague and long-time friend of Gifford OR.

Pinchot, first Chief of the Forest Service, selected the site in 1914. It was for- 2USDA Forest Service, Bitterroot
mally established as a unit of the national network of experimental forests on National Forest, Stevensville, MT.
May 20, 1931. Headquarters buildings were constructed between 1932 and *USDA Forest Service, Deschutes
1934. Within Pringle Falls lies a two-unit Research Natural Area, established National Forest, Bend-Ft. Rock Ranger

K € . District, Bend, OR.
for non-manipulative research in 1936. i .
+USDA Forest Service (emeritus),

The eastside forests of Oregon are replete with special places ranging Pacific Northwest Rescarch Station
from mountain peaks shaped by fire and ice to rivers cutting through lava Bend, OR.
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Figure 1—The Lookout Mountain and Pringle Butte Units of Pringle Falls Experimental Forest, located on the
Deschutes National Forest southwest of Bend, Oregon. Also indicated are units of the Research Natural Area
and a Wild and Scenic River corridor along the Deschutes River.

tubes and basalt beds. The ponderosa pine forests within Pringle Falls
Experimental Forest, however, represent special places with unique values:
their location within the context of environmental and historical settings,
the resource outputs they have provided and the resource values they con-
tinue to provide, and the opportunities they afford to address current and
future management issues of wildland resource management. In this paper,
we (1) describe the special values associated with ponderosa pine stands in
Pringle Falls, (2) present our rationale for developing a set of silvicultural
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prescriptions to protect and enhance these special values, and (3) discuss
some unique features involved with implementing the silvicultural prescrip-
tions within the experimental forest.

Special Values of Ponderosa Pine Stands in
Pringle Falls Experimental Forest

We base our assignment of special value of ponderosa pine stands within
Pringle Falls Experimental Forest on four points. First, ponderosa pine
stands in Pringle Falls have special value because they represent a dispro-
portionate amount of remnant eastside old-growth ponderosa pine forests.
Second, the administration site has special value because the ponderosa pine
stand encompasses historic buildings that provide a link to the establishment
and initial functioning of Pringle Falls. Third, ponderosa pine stands on
Pringle Butte have special value because they are the sites of many historical
and ongoing long-term studies. Finally, ponderosa pine stands surrounding
Pringle Butte have special value because they uniquely provide opportunities
for new landscape-scale research.

Special Value of Remnant Old-Growth Stands

Pringle Falls Experimental Forest exists as two separate but closely spaced
units, each named for the dominant volcanic feature contained within the
unit. Pringle Butte, the oldest known geologic formation in the Pringle
Butte Unit, is a 5-million-year-old shield volcano rising to 1530 meters
(5020 feet). Lookout Mountain, the highest point in the Experimental
Forest at 1900 meters (6215 feet) in elevation, is a 300,000-year-old shield
volcano. Both these features extend above a generally flat or gently rolling
ancient lake basin with average elevation of 1280 meters (4200 feet) that is
dotted with small volcanic peaks and cinder cones. Both units are character-
istic of low- and mid-elevation portions of the High Cascades physiographic
province (Franklin and Dyrness 1973). The Deschutes River, designated a
Wild and Scenic River because of outstanding scenic and recreation values,
flows northeasterly through the Pringle Butte Unit.

Soils in Pringle Falls are dominated by 0.5 to 2 meters (1.5 to 6 feet) of
6600-year-old aerially deposited pumice and ash from Mt. Mazama (now
Crater Lake). More recent deposits are additional ash, pumice, and cinders
from surrounding volcanic cones and sand and silt sediments of the La Pine
basin, overlain with sands and gravels deposited by glacial outwash from the
Cascade Range. Soils derived from Mt. Mazama pumice and ash have only
a thin weathered surface layer. Most of the soil profile is undeveloped, with
low organic matter content, low nitrogen, sulfur, and phosphorus content,
and high porosity. Daytime to nighttime temperature variation within the
soil profile can be extreme.

The climate is continental, modified by proximity of the Cascade Range
to the west and the Great Basin desert to the east. Most precipitation occurs
as snowtfall. Annual precipitation averages 600 millimeters (24 inches) on
Pringle Butte and over 1000 millimeters (40 inches) on Lookout Mountain.

Daytime high temperatures in the summer range between 21 and 32 degrees

Celsius (70 and 90 degrees Fahrenheit). Summer nights are cool and frosts
can occur throughout the growing season.

Forest communities within Pringle Falls are representative of low- and
mid-elevation regional landscapes and contain outstanding examples of

USDA Forest Service Proceedings RMRS-P-34. 2004.

33



34

undisturbed and managed ponderosa pine, lodgepole pine ( Pinus contorta
Dougl. ex Loud.) and higher elevation mixed conifer forests common
throughout central and south-central Oregon. Ecological site differences
such as aspect and elevation, and past disturbance events, especially fires,
insects, and diseases, and more recent timber harvesting, have created a
mosaic of rich biological diversity. Ponderosa pine is the dominant conifer
throughout most of Pringle Falls. Shrub layers associated with ponderosa
pine include antelope bitterbrush ( Purshia tridentata (Pursh) DC.),
snowbrush ceanothus (Ceanothus velutinus Dougl. ex Hook.), greenleaf
manzanita (Arctostaphylos patula Greene), giant chinquapin ( Chrysolepis
chrysophylla (Dougl. ex Hook.) Hjelmqvist), and pinemat manzanita (Arcto-
staphylos nevadensis Gray).

Ponderosa pine forests east of the crest of the Cascade Range in the
Pacific Northwest, including those in Pringle Falls, have undergone dramatic
physiognomic changes in the last 100 years. Early settlers and surveyors at
the beginning of the 20™ century passed through open forests of ponderosa
pine with widely spaced trees, few if any down logs, and little litter and
woody undergrowth (Bonnickson 2000; Languille and others 1903;
Wickman 1992). Witness trees established during the late 1800s in central
Oregon were predominantly ponderosa pine with diameters that exceeded
50 centimeters (20 inches) (Perry and others 1995). The stem pattern of
these eastside forests was a seemingly uniform parkland of widely spaced me-
dium to large and old trees and continuous herbaceous undergrowth (Agee
1994). Historical fire regimes in these forests consisted of very frequent to
frequent, low-intensity fires that burned some or most forest floor plants,
consumed litter, and killed primarily small trees (Agee 1993). A fire regime
of low-intensity burns, coupled with infrequent large and more intense
fires, was common prior to the advent of modern fire suppression efforts.
Estimated mean fire return interval was 4 to 11 years within Pringle Falls
(Bork 1984; Morrow 1986).

Current amounts of eastside old-growth ponderosa pine forest are esti-
mated to range from 3 to 15 percent of pre-settlement levels (Beardsley and
others 1999; Bolsinger and Waddell 1993; Everett and others 1994; Hann
and others 1997; Perry and others 1995). Decline in the overall extent of
eastside old-growth ponderosa pine forest can be attributed to changes in
natural disturbance regimes resulting from active management programs
for fire suppression, livestock grazing, selective logging of old fire-resistant
trees for timber and insect control, and extensive road building (Bergoften
1976; Johnson and others 1994; Oliver and others 1994). Pringle Falls is
one of the few remaining places where old-growth ponderosa pine forests
endure; about 2145 hectares (5300 acres) of old-growth ponderosa pine
remain within the experimental forest. Individual dominant ponderosa
pine in these stands range from 250 to 620 years in age (data on file, PNW
Research Station, LaGrande, Oregon). With effective fire exclusion, under-
story tree density in these remaining ponderosa pine stands has increased,
however, and these stands often contain more fire-intolerant species such
as lodgepole pine, Douglas-fir, and grand fir. With the exception of stands
recently treated, old-growth ponderosa pine stands are multilayered, contain
a variety of size classes, and are greatly overstocked with small-diameter
stems. The smaller, younger trees compete for site resources with residual
old-growth trees and often lead to mortality of the older and larger diameter
trees. Multilayered stands also contain increased number of fuel ladders and
greater ground fuels. Consequently, the old-growth stands are at greater risk
of stand-replacement wildfire.
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Thus, Pringle Falls is a special place because of the disproportionate
amount of old-growth ponderosa pine forests it contains.

Special Value of the Administration Site

The administration site at Pringle Falls Experimental Forest consists of 10
hectares (25 acres) on the north bank of the Deschutes River in the Pringle
Butte Unit. Original headquarters buildings consist of a three-story admin-
istration building and a single-story cottage constructed between 1932 and
1934 by Works Progress Administration (WPA) craftsman. These buildings
are excellent examples of the period architecture and rustic rock, log, and
frame construction. Later, an additional two-story dormitory, a garage /shop
complex, and various outbuildings were added. This infrastructure provides
seasonal living and working conditions for about 20 people.

The ponderosa pine stand surrounding the buildings at the administration
site has been continuously protected from fire since the early 1930s and,
like other ponderosa pine stands that have had fire exclusion, has undergone
dramatic changes in structure and composition. Near the turn of the 20"
century, 40 to 70 large pines per hectare (16 to 28 per acre) comprised the
overstory, with only a few stems in the understory. With fire exclusion, the
number of small diameter ponderosa and lodgepole pine saplings increased
to a stand density of over 2000 trees per hectare (810 trees per acre). Con-
tiguous fuels represented by decadent antelope bitterbrush, ponderosa pine
needle drape, and abundant ladder fuels also increased dramatically. These
conditions represent a high risk for stand replacing wildfire, with the first fire
likely a high intensity crown fire that would be difficult to control and would
likely endanger crews living and working in the headquarters buildings.

Thus, the administration site has special value because the ponderosa pine
stand encompasses historical buildings that provide a link to the establish-
ment and initial functioning of Pringle Falls and represent fine craftsmanship
from the WPA era.

Special Value of Research Sites on Pringle Butte

Pringle Falls Experimental Forest has a rich history of serving as a diverse
natural laboratory used by university and federal scientists for field research.
Descriptions of past work from establishment through the early 1990s have
been chronicled in an annotated bibliography (Youngblood 1995). Some of
the earliest forestry research in central and eastern Oregon occurred within
Pringle Falls. A large number of these early studies were located on or immedi-
ately adjacent to Pringle Butte (figure 2). The earliest known published work
was a rating system for determining the susceptibility of ponderosa pine trees
to western pine beetle attack by F. Paul Keen (1936). Keen later documented
the age-class distribution in several stands on Pringle Butte, including stands
with stems having establishment dates of 1330 A.D. (Keen 1940). One of
the earliest silvicultural studies was a test of cutting methods with different
intensities of selection, initiated in 1937 along the northeast slope of Pringle
Butte (Kolbe and McKay 1939). Later, Edwin L. Mowat described the
stand structure and analyzed periodic growth measurements for suppressed
ponderosa pine seedlings that were released from a lodgepole pine canopy
(Mowat 1950). And at the same time, James Sowder conducted one of the
earliest studies combining the objective of sanitation and salvage of ponderosa
pine, judged to be highly susceptible to insect attack, with the objective of fuel
and fire hazard reduction (Sowder 1951). Contributions such as these added
greatly to management of ponderosa pine forests throughout eastside forests
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Figure 2—Historical and ongoing research sites, either mapped portions of stands (shown in yellow) or mapped
points (shown in green) in the Pringle Butte Unit, Pringle Falls Experimental Forest.

of Oregon and Washington at a time when vast segments of these forests were
being harvested to meet society’s increasing demands for lumber products.

During the next several decades, studies that were established on Pringle
Butte concentrated on determining the competitive effect of shrubs grow-
ing with ponderosa pine (Barrett 1965; Dahms 1961); the soil thermal
properties, surface temperatures, and seed bed characteristics required for
lodgepole and ponderosa pine regeneration from natural seedfall (Barrett
1966; Dahms and Barrett 1975); the biology of dwarf mistletoe in ponder-
osa pine, its spread, and subsequent damage in understory pine (Roth 1953,
1971; Roth and Barrett 1985); and the effect of underburning on dwarf
mistletoe in ponderosa pine (Koonce and Roth 1980). During this time,
logging methods that ensured survival of existing seedlings and saplings
were developed, thus reducing future reforestation efforts and costs (Barrett
1960). Long-term or permanent research plots were established to study the
response of ponderosa pine to fertilization (Cochran 1977), and the release
and subsequent growth of ponderosa pine at various tree densities (Barrett
1982; Dahms 1960; Oren and others 1987). Periodic evaluation of these
stands added to our understanding of structural changes occurring in natural
and managed stands. Also, the frequency, intensity, and spatial patterns of
wildfire in old-growth ponderosa pine stands near the top of Pringle Butte
were examined (Bork 1984; Mazany and Thompson 1983; Morrow 1986).

Work extending through the 1990s emphasized the relationship between
ponderosa pine vigor and mountain pine beetle attacks (Larsson and others
1983); the effect of fire on root decay in ponderosa pine and the occurrence
of fungal microflora on burned and unburned sites (Reaves and others
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1990); and the cyclic population dynamics of Pandora moth ( Coloradia
pandora Blake), an important defoliator of ponderosa pine (Speer and others
2001). Although much of the long-term research in applied forestry has
continued over the years, such as identification of optimal growing regimes
for planted pine (Cochran and others 1991), other topics have increased
in importance. Current research on Pringle Butte is designed to increase
our understanding of the processes that regulate or influence the structure,
composition, and pattern of forests and that are critical for the maintenance
of diverse, healthy, productive, and sustainable forest ecosystems.

Thus, the Pringle Butte portion of Pringle Falls has special value because
of the concentration and legacy of historical and ongoing research sites.

Special Value of New Research Opportunities

Pringle Falls Experimental Forest was established and continues to be
managed a priori for research and demonstration. One example of research
and demonstration identified within the Pacific Northwest Research
Station’s strategic research planning process is the need to evaluate practices
and strategies to better manage risks within the wildland /urban interface. A
critical component in establishing a mutually acceptable active management
strategy in the area where residential development and wildlands share
boundaries is the ability to assess risk of wildland fire moving from the
surrounding forest into urban areas in combination with the ability to assess
risk of fire originating from the urban setting moving out into the adjacent
wildlands. Additional components include the needs to develop and test
operational practices and techniques and to evaluate strategies for reducing
fuels to manage risks within the wildland /urban interface. Research is
needed to assess how silvicultural treatments affect fire risk, stand structure,
wildlife habitat, and the risk of other disturbances such as insect outbreaks
and invasion by nonnative plants, as well as how treatments influence the
social values held by forest users and conditions of local communities.
Evaluating management choices at the wildland /urban interface is limited
by both inadequate technical knowledge of the effects of treatments, such as
prescribed fire or surrogates such as thinning, mowing, or crushing, and also
by public resistance to these treatments or to perceived resulting conditions.
There also are economic tradeoffs associated with short- and long-term
solutions to fire risk reduction activities on both public and private lands,
which include initial costs of treatment, employment opportunities, and
their attendant impacts on economic well-being, as well as the potential
repeated treatment needs and property value considerations. There is a need
to identify factors that influence acceptability of wildland fuel reduction
strategies and underlying decision-making processes. This includes improved
understanding of public knowledge, preferences, and understanding of
tradeotfs and opportunities for mutual gains, and also understanding of
effectiveness of alternative approaches to enhance public understanding and
knowledge of wildland management.

Pringle Falls represents a unique place to conduct such research because of
its proximity to the wildland /urban interface and the high number of forest
visitors passing through, especially those using the paved highway to the
higher Cascade lakes or boating on the Deschutes River. Pringle Falls could
play a pivotal role in focusing attention from various research disciplines and
resource managers on a set of operational methods for fuels reduction in the
ponderosa pine stands surrounding Pringle Butte, on the role various part-
nerships may play across multiple ownerships including the wildland /urban
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interface, and on the environmental and social consequences of the various
methods. Thus, the ponderosa pine stands surrounding Pringle Butte at
Pringle Falls have special value because they uniquely provide opportunities
for new landscape-scale research.

Silvicultural Prescriptions for Special Places:
The Dilman Project

Discussions among Research Station scientists and personnel on the
Bend /Fort Rock District of the Deschutes National Forest resulted in
agreement on the special values of ponderosa pine stands in Pringle Falls
Experimental Forest, a set of risks associated with each special value, and the
need to develop and apply silvicultural prescriptions to maintain and protect
the values. These values and their needs include the following;:
¢ Pringle Falls has special value because of the disproportionate amount of

old-growth ponderosa pine forest it contains. Silvicultural prescriptions

are needed to restore the frequency of low-intensity disturbances and thus
the resulting periods of stability in these stands. Prescriptions are needed
to protect these remnant old-growth stands and individual trees from
stand-replacement disturbances.

® The administration site at Pringle Falls has special value because the
ponderosa pine stand encompasses historical buildings that provide a link
to the establishment and initial functioning of the experimental forest and
represent fine craftsmanship from the WPA era. Because the site continues
to be used in support of ongoing research, there is a need to provide a
safe working environment for occupants. Silvicultural prescriptions are
needed to reduce the fuels and reduce the risk of stand-replacement fire
within the administration site in order to protect the historical buildings
and protect the lives of those using the buildings.

¢ Pringle Butte in Pringle Falls has special value because of the concentra-
tion and legacy of historical and ongoing research sites. This portion of
the experimental forest is bordered on three sides by urban development
or dense recreation sites. Recently, fires started in the wildland /urban
interface or within recreation sites along the Deschutes River threatened
ponderosa pine stands and research sites contained within them on
Pringle Butte. Silvicultural prescriptions are needed to reduce the risk of
stand replacement fires entering this area from surrounding areas in order
to protect historical and ongoing research sites.

* Ponderosa pine stands surrounding Pringle Butte have special value
because they uniquely provide opportunities for new landscape-scale
research. One fundamental constraint to new research addressing fire risk
within the wildland /urban interface, however, is that the once relatively
homogeneous landscape surrounding Pringle Butte is fragmented into
small stands as a result of past research and management actions. The
current landscape provides little opportunity for large-scale operational
studies with sufficient treatment replication. Silvicultural prescriptions are
needed to modify existing stand structures and consolidate fragmented
stands into larger blocks with similar structures such that large-scale
operational fuels reduction practices and strategies to better manage risks
within the wildland /urban interface may be evaluated.
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Prescription Development

Consideration and analysis of silvicultural prescriptions for special places
within Pringle Falls occurred within the context of the Dilman Environ-
mental Assessment (EA) and the resulting Dilman project. Under National
Environmental Policy Act guidelines, scoping for the Dilman Environmental
Assessment began in July 1999. In addition to vegetation management, the
environmental assessment addressed road closures and recreation manage-
ment activities within Pringle Falls. It was completed in December 2001.The
environmental assessment is tiered to several layers of management direction
that guided the development of project alternatives and prescription devel-
opment. Existing management direction was provided by:
® Deschutes Land and Resource Management Plan (DLRMP), 1990, and

the Regional Forester’s Forest Plan Amendment #2, 1995. Within the

DLRMP, Pringle Falls is identified as a single management area with spe-

cific standards and guidelines for managing resource values. The Regional

Forester’s Plan Amendment, known as “Eastside Screens,” established a

policy restricting harvest of trees greater than 53 centimeters (21 inches)

in diameter at breast height (DBH). The DLRMP also provided direction
for visual concerns along major paved travel-ways.

¢ Inland Native Fish, 1995. Interim Riparian Habitat Conservation Area ap-
plied to the Deschutes River. This policy established a buffer on either side
of the river extending outward from the edge of the active stream channel
91 meters (300 feet), within which timber harvesting, including fuelwood
cutting, is prohibited except where silvicultural practices are needed to
attain desired vegetation characteristics to meet riparian management objec-
tives. Under the Dilman Environmental Assessment, silvicultural practices
were carefully considered to avoid adverse effects on inland native fish and
included the use of horses for skidding and locating treatment boundaries
away from the slope break to prevent sediment from entering the river.

® The Upper Deschutes Wild and Scenic River Final Environmental Impact
Statement, 1996. Superimposed on Pringle Falls is a 1.6-kilometer-wide
(1-mile) corridor, centered on the Deschutes River, within which manage-
ment direction emphasizes protection of the outstanding scenic and
recreation values.

The Dilman Project focused on the following four objectives:

¢ Implement the Upper Deschutes Wild and Scenic River Environmental
Impact Statement for segment 2 of the river to meet stated goals for
protection and enhancement of outstanding scenic and recreation values,
and thus protect the special values of old-growth ponderosa pine stands
and individual trees (special value 1).

* Provide defensible space along wildland /urban interfaces, especially the
administration site, private in-holdings on the north side of the Pringle
Butte unit, and the urban interface immediately to the east of Pringle Falls
(special value 2).

* Provide defensible space along major travel corridors that access National
Forest land, especially roads on either side of the Deschutes River that
serve as key access corridors through Pringle Falls, thus protecting the
special values of historical and long-term research sites concentrated on
Pringle Butte (special value 3).

e Enhance the special values of existing old-growth ponderosa pine stands
and create options for future research within Pringle Falls by concentrating
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treatments around the base of Pringle Butte to restore old-growth condi-

tions and processes (special value 4).

A mix of vegetative treatments was developed that addressed these
objectives. Because many of the stands were multistructured, contained a
variety of size classes, and differed greatly in composition, density, and past
history, various treatments with multiple entries were determined necessary
to achieve desired conditions. Although the Dilman Project specifically
addresses about 746 hectares (1844 acres) within Pringle Falls, it also
addresses stands with similar needs and treatments in proximity to the
experimental forest. Within Pringle Falls, about 471 hectares (1164 acres)
will receive commercial thinning, about 85 hectares (185 acres) will receive
noncommercial thinning, and about 200 hectares (495 acres) will have fuel
reduction from prescribed broadcast burning, hand piling and burning,
mowing, mechanical mastication, or some combination of fuel treatments.
In the old-growth ponderosa pine stands surrounding Pringle Butte, com-
mercial thinning of 13- to 53-centimeter (5- to 21-inch) DBH ponderosa
pine, at roughly 6- by 6-meter (20- by 20-foot) spacing with retention of
natural clumping, will reduce stand density, disaggregate fuel continuity, and
decrease fuel ladders. No ponderosa pines over 53 centimeters (21 inches)
DBH will be removed. All large lodgepole pines, however, will be removed,
further reducing stand density and fuel loadings. Along the river corridor, all
lodgepole pines greater than 8 centimeters (3 inches) DBH will be commer-
cially thinned, with a subsequent noncommercial thin at 3.3-meter (11-foot)
spacing to follow. To begin developing open stand structures along highly
visible paved travel ways, ponderosa pines in the 13- to 53-centimeter (5- to
21-inch) DBH class will be commercially thinned, again retaining all existing
natural clumping, and all lodgepole pines will be removed through a series
of commercial and noncommercial thinnings. Noncommercial thinning of
ponderosa and lodgepole pines will occur in areas of previous harvest activity
such as old clearcuts and fire and beetle-kill salvage areas to reduce fuels and
accelerate residual tree growth. Finally, fuel reduction in areas of previous
harvest, in areas of commercial or noncommercial thinning, or as an activity
by itself, may include slashing, hand piling, mowing, mechanical mastication,
or prescribed burning either singly or in combination with other fuel reduc-
tion methods. When fully applied, the silvicultural prescriptions collectively
represent a significant amount of vegetation management treatments within
Pringle Falls (figure 3) while addressing the four identified special values.

Prescription Projection

We used the southeast Oregon variant of Forest Vegetation Simulator
(FVS), coupled with the Stand Visualization System (SVS) to model and
project the effects of our prescriptions into the future. For each of the stands
modeled, the following assumptions applied:

* Marking prescriptions are fully met 90 percent of the time.

e The shrub layer is treated concurrently with activity fuel reduction treat-
ments.

e Natural regeneration of ponderosa and lodgepole pines occurs on a
frequent but nonuniform basis; only ponderosa pine establishment and
growth was modeled.

¢ A single noncommercial thinning after commercial thinning is more
realistic than frequent noncommercial thinnings given budget constraints;
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Figure 3—Commercial thinning, noncommercial thinning, and fuel reduction units of the Dilman project
(shown in red), overlapped with historical and ongoing research sites (shown in yellow or green) in the
Pringle Butte Unit, Pringle Falls Experimental Forest.

this suggests that prescribed fire in subsequent years may serve as a sur-
rogate for additional noncommercial thinning.

e Prescribed fire will be applied after each initial commercial thinning
treatment, 15 years after the initial treatment and then conservatively, at
20-year intervals through the remaining 100-year timeframe.

Model outputs were initially configured for 5-year cycles to more accu-
rately account for initial prescribed fire and initiation of natural regeneration
of ponderosa pine.

As one example of prescription application and projection, we present
graphical representations of structural changes in stand 904. In 2000,
this stand consisted of about 2000 ponderosa pine trees per hectare (806
per acre) and 900 lodgepole pines per hectare (363 per acre) (figure 4).
Although most of the basal area was in large-diameter ponderosa pine,
most of the density was in small-diameter ponderosa and lodgepole pine.
Less than 15 ponderosa pines per hectare (6 per acre) were greater than 53
centimeters (21 inches) DBH. Total basal area was about 24 square meters
per hectare (106 square feet per acre). Commercial thinning is projected
to reduce the density to about 1790 ponderosa pine trees per hectare (726
per acre) and eliminate most of the standing lodgepole pine (table 1). The
first prescribed fire is scheduled as a broadcast underburn in 2005; this
treatment is projected to eliminate all lodgepole pines that escaped the initial
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Figure 4—Graphical representation of initial structural conditions in stand 904, designated
for commercial thinning and broadcast burning as part of the Dilman project in Pringle
Falls Experimental Forest.

Table 1—Change in structural features for stand 904 projected with FVS/SVS.

Percent of maximum Quadratic mean Treatment
Year Density stand density index diameter Basal area and target
Trees/hectare Centimeters Square meters Trees/ha

(trees/acre) (inches) (square feet) (trees/acre)
2000 2877 (1165) 30 11.7 (4.6) 30.9 (134.4) Thin, 1793 (726)
2005 1793 (726) 23 11.7 (4.6) 19.2 (83.8) Burn, 321 (130)
2020 442 (179) 24 23.9 (9.4) 19.0 (82.6) Burn, 193 (78)
2040 230 (93) 25 33.8 (13.3) 20.6 (89.7) Burn, 131 (53)
2060 175 (71) 26 39.9 (15.7) 21.9 (95.4) Burn, 106 (43)
2080 151 (61) 28 43.9 (17.3) 22.9 (99.6) Burn, 94 (38)

thinning and to reduce the stand density to about 321 ponderosa pines per
hectare (131 per acre) (figure 5). Subsequent underburnings are scheduled
at 20-year intervals to control establishment of lodgepole pine, to gradually
reduce density, and to restrain down woody fuels and live shrubs. After five
underburns, overall density is projected to be about 94 trees per hectare (38
trees per acre), consisting almost entirely of large-diameter, widely spaced
old-growth ponderosa pine (figure 6).
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Figure 5—Graphical representation of structural conditions in stand 904 projected for the
year 2005, after commercial thinning and initial broadcast burning as part of the Dilman
project in Pringle Falls Experimental Forest.
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Figure 6—Graphical representation of structural conditions in stand 904 projected for the
year 2080, after the initial commercial thinning and broadcast burning followed by four
broadcast burnings, as part of the Dilman project in Pringle Falls Experimental Forest.
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Implementation of Prescriptions for Special
Places

Treatment implementation in Pringle Falls began with the administration
site. While initially considered within the Dilman Environmental Assessment,
a categorical exclusion was written to assess treatment on the 10 hectares
(25 acres) of the administration site separately from the rest of the Dilman
project in order to take advantage of PNW Station facilities maintenance
funds. The categorical exclusion was based on Forest Service Policy and
Procedure Handbook 1909.15 that provides for routine operation and
maintenance of administration sites and was signed in February of 2000.
Treatment of the administration site consisted of a single commercial timber
sale of 30,000 board feet, hand thinning of trees around the buildings,
pruning of dwarf mistletoe-infested limbs, hazard tree removal, hand-piling
and burning of slash, and broadcast burning of the shrub layer. Work in the
administration site began in March 2000 and was completed in October
2001. This stand now contains about 25 large pines per hectare (10 per acre)
with DBH greater than 53.3 centimeters (21 inches). Total stand density is
about 247 trees per hectare (100 per acre), basal area is 22.1 square meters per
hectare (96.4 square feet per acre), and stand density index is 40 percent of
maximum (figure 7).

Outside of the administration site, four separate types of timber sale
contracts (2400-1, 2400-3, 2400-4, 2400-6), service contracts, purchase

Figure 7—Pringle Falls Experimental Forest administration area after thinning and
underburning for fuels reduction.
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orders, and force account crews are being used to implement the silvicul-
tural prescriptions within the Dilman project. Work began in the spring of
2002. All activities associated with the first entry are planned for comple-
tion by spring 2009. High fuels areas within the wildland /urban interface,
administrative sites, campgrounds, and major access roads represent the
highest priorities and will be completed first.

Operational Considerations

To address concerns for fisheries during the treatments along the
Deschutes River within Pringle Falls, thinning within 91 meters (300 feet)
of the bank involves a combination of hand crews, including those from
local Youth Conservation Corps, Oregon State Department of Correction,
Deschutes County Corrections, force account crews from the Deschutes Na-
tional Forest, and troubled youth programs, in addition to service contracts
and a contract for horse logging.

Selection of horse logging as a means for skidding of logs within the
designated buffer along the Deschutes River was based, in part, on a desire
to prevent opening or creating additional areas for nondesignated, dispersed
recreational camping. Conventional ground-based skidding operations
require a network of designated skid roads. On the flat benches adjacent to
the Deschutes River, these designated skid roads are slow to revegetate with
trees and shrubs and quickly become permanent access roads to desirable
dispersed recreation campsites along the river. In addition, horse logging has
been used over the last decade in campgrounds and other recreational sites on
the Deschutes National Forest to remove hazard trees and has been well re-
ceived by the public and public interest groups as an environmentally sensitive
means of treatment. We anticipated greater public support for this part of the
Dilman project if horse logging was featured. Material removed during horse
logging consisted of lodgepole pine greater than 15 centimeters (6 inches) in
diameter under a 2400-3 contract. This diameter limit was set in part because
of the potential for the combination of products removed to generate positive
net revenue for the operator, and the feasibility of hand piling the residual
stems. Local experience has shown that the upper limit in piece size for most
hand crews is about 23 centimeters (9 inches) DBH. Production rates for
horse logging on the gentle terrain average about 2,000 to 4,000 board feet
per day depending on factors such as skidding distance, average volume per
log, volume per acre, and stand density. Brush disposal deposits collected
from the purchaser are used to fund piling of slash by hand crews.

One large sale designed to remove about 1.04 million cubic feet (about
5.4 million board feet) from Pringle Falls was sold under a 2400-6T contract
(tree measurement contract) with minimum specifications for merchantable
trees of 8 centimeters (3 inches) DBH for lodgepole and ponderosa pine.
Again, harvesting is restricted to trees less than 53 centimeters (21 inches)
DBH. Final bid price was $35.75 per hundred cubic feet for lodgepole pine
and $118.58 per hundred cubic feet for ponderosa pine. To minimize dam-
age on residual vegetation and soils, the contract requires a boom-mounted
saw/shear with a reach of at least 5 meters (17 feet) from the equipment
center point. Other requirements include the use of designated skid roads at
30.5- meter (100-foot) average spacing and moving logging equipment over
snow and frozen ground. Brush disposal deposits and whole-tree yarding en-
sure adequate treatment of slash. Minimal residual stand damage associated
with whole-tree yarding is anticipated because of the flat topography across
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harvest units, which minimizes the need for sharp turns during skidding, and
the relatively short tree lengths being harvested.

Post-sale service contracts for noncommercial thinning and removal
of damaged and unsuitable trees are scheduled in all commercial timber
sale units. Service contracts will use a variety of funding sources including
hazardous fuels, Knutsen-Vandenberg Act (KV), and appropriated timber
stand improvement thinning. Service contracts and purchase orders also will
be used to conduct noncommercial thinning in stands that have little or no
commercial size material.

Force account crews will be used to conduct prescribed burns, prune, dis-
pose of brush, establish road closures, and rehabilitate dispersed recreation
sites and designated campsites within Pringle Falls.

Summary

Pringle Falls Experimental Forest has been a center for research in
ponderosa pine forests east of the crest of the Cascade Range since 1931.
Long-term research facilities, sites, and future research opportunities are
currently at risk from stand-replacement wildfire because of changes in stand
structure resulting from past fire exclusion, especially the dramatic changes
in tree density and establishment of lodgepole pine under ponderosa pine.
We identified four conditions or locations within Pringle Falls that represent
special values that are increasingly at risk from fire because of the structural
changes either within the stands themselves or in adjacent stands that
receive recreational impacts or urban development. Our set of silvicultural
prescriptions is designed to protect and enhance these four special values.
Implementation of the silvicultural prescriptions involves innovative use of
existing contracting and workforces. To date, results have been well received
by the visiting public.

References

Agee, James K. 1993. Fire ecology of Pacific Northwest forests. Washington, DC:
Island Press. 493 p.

Agee,James K. 1994. Fire and weather disturbances in terrestrial ecosystems of the
castern Cascades. Gen. Tech. Rep. PNW-GTR-320. Portland, OR: U.S. Department
of Agriculture, Forest Service, Pacific Northwest Research Station. 52 p.

Barrett, James W. 1960. Intensive control in logging ponderosa pine. Iowa State
Journal of Science. 34: 603-608.

Barrett, James W. 1965. Spacing and understory vegetation affect growth of
ponderosa pine saplings. Res. Note PNW-27. Portland, OR: U.S. Department
of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment
Station. 8 p.

Barrett, James W. 1966. A record of ponderosa pine seed flight. Res. Note PNW-38.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Forest and Range Experiment Station. 5 p.

Barrett, James W. 1982. Twenty-year growth of ponderosa pine seedlings thinned to
five spacings in central Oregon. Res. Pap. 301. Portland, OR: U.S. Department
of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment
Station. 18 p.

Beardsley, Debby; Bolsinger, Charles; Warbington, Ralph. 1999. Old-growth
forests in the Sierra Nevada: by type in 1945 and 1993 and ownership in 1993.

USDA Forest Service Proceedings RMRS-P-34. 2004.



Res. Pap. PNW-RP-516. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 46 p.

Bergoften, W. W. 1976. 100 years of Federal forestry. Info. Bull. 402. Washington,
DC: U.S. Department of Agriculture, Forest Service. 200 p.

Bolsinger, Charles L.; Waddell, Karen L. 1993. Area of old-growth forests in
California, Oregon, and Washington. Resource Bull. PNW-RB-107. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 26 p.

Bonnicksen, Thomas M. 2000. America’s ancient forests—from the ice age to the age
of discovery. New York: John Wiley and Sons, Inc. 594 p.

Bork, Joyce L. 1984. Fire history in three vegetation types on the eastern side of the
Oregon Cascades. Ph.D. thesis. Corvallis, OR: Oregon State University. 94 p.

Cochran, P. H. 1977. Response of ponderosa pine 8 years after fertilization. Res.
Note PNW-301. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Forest and Range Experiment Station. 7 p.

Cochran, P. H.; Newman, R. P.; Barrett, James W. 1991. Fertilization and spacing
effects on growth of planted ponderosa pine. Res. Note PNW-RN-500. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 13 p.

Dahms, Walter G. 1960. Long-suppressed ponderosa pine seedlings respond to
release. Res. Note 190. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Forest and Range Experiment Station. 5 p.

Dahms, Walter G. 1961. Chemical control of brush in ponderosa pine forests of
central Oregon. Res. Pap. 39. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Forest and Range Experiment Station. 17 p.

Dahms, Walter G.; Barrett, James W. 1975. Seed production of central Oregon
ponderosa and lodgepole pines. Res. Pap. PNW-191. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Forest and Range
Experiment Station. 13 p.

Everett, Richard; Hessburg, Paul; Lehmkuhl, John; Jensen, Mark; Bourgeron, P.
1994. Old forests in dynamic landscapes. Journal of Forestry. 92: 22-25.

Franklin, Jerry F.; Dyrness, C. T. 1973. Natural vegetation of Oregon and
Washington. Gen. Tech Rep. PNW-8. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment
Station. 417 p.

Hann, Wendel. J.; Jones, Jeftrey L.; Karl, Michael G.; Hessburg, Paul F.; Keane,
Robert E.; Long, Donald G.; Menakis, James P.; McNicoll, Cecilia H.; Leonard,
Stephen G.; Gravenmier, Rebecca A.; Smith, Brad G. 1997. Landscape dynamics
of the basin. In: Quigley, Thomas M.; Arbelbide, Sylvia J., tech. eds. An
assessment of ecosystem components in the interior Columbia basin and portions
of the Klamath and Great Basins. Gen. Tech. Rep. PNW-GTR-405. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 337-1055.

Johnson, Charles G., Jr.; Clausitzer, R. R., Mehringer, P. J.; Oliver, Chadwick
D. 1994. Biotic and abiotic processes of eastside ecosystems: the effects of
management on plant and community ecology, and on stand and landscape
vegetation dynamics. Gen. Tech. Rep. PNW-GTR-322. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station.
66 p.

Keen, F. P. 1936. Relative susceptibility of ponderosa pine to bark-beetle attack.
Journal of Forestry. 34: 919-927.
Keen, F. P. 1940. Longevity of ponderosa pine. Journal of Forestry. 38: 597-598.

Kolbe, Ernst L.; KcKay, Donald. F. 1939. Seven methods of cutting tested at
Pringle Falls. Res. Note 27. Portland, OR: U.S. Department of Agriculture,
Forest Service, Pacific Northwest Forest Experiment Station. 1 p.

Koonce, Andrea L.; Roth, Lewis F. 1980. The effects of prescribed burning on
dwarf mistletoe in ponderosa pine. In: Martin, Robert E.; Edmonds, Robert L.;
Fulkner, Donald A. [and others]. 6™ conference on fire and forest meteorology.

USDA Forest Service Proceedings RMRS-P-34. 2004. 47



48

Proceedings of a symposium; 1980 April 22-24; Seattle, WA. Bethesda, MD:
Society of American Foresters. 197-203.

Languille, H. D.; Plummer, F. G.; Dobwell, A.; [and others]. 1903. Forest
conditions in the Cascade Range forest reserve—QOregon. Professional Paper
9, Series H, Forestry 6. Washington, DC: U.S. Department of the Interior,
Geological Survey. 298 p.

Larsson, S.; Oren, R.; Waring, R. H.; Barrett, J. W. 1983. Attacks of mountain pine
beetle as related to tree vigor of ponderosa pine. Forest Science. 29: 395-402.

Mazany, Terry; Thompson, Marna Ares. 1983. Fire scar dates from the Pringle Falls
area of central Oregon. Tucson, AZ: University of Arizona, Laboratory of Tree-
Ring Research. 14 p.

Morrow, Robert J. 1986. Age structure and spatial pattern of old-growth ponderosa
pine in Pringle Falls Experimental Forest, central Oregon. Corvallis, OR: Oregon
State University. 80 p. M.S. Thesis.

Mowat, Edwin L. 1950. Cutting lodgepole pine overstory releases ponderosa pine
reproduction. Journal of Forestry. 48: 679-680.

Oliver, Chadwick D.; Irwin, Larry L.; Knapp, Walter H. 1994. Eastside forest
management practices: historical overview, extent of their applications, and
their effects on sustainability of ecosystems. Gen. Tech. Rep. PNW-GTR-324.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station. 73 p.

Oren, R.; Waring, R. H.; Stafford, S. G.; Barrett, J. W. 1987. Twenty-four years
of ponderosa pine growth in relation to canopy leaf area and understory
competition. Forest Science. 33: 538-547.

Perry, D. A.; Henjum, M. G.; Karr, J. R.; Bottom, D. L.; Bednarz, J. C.; Wright, S.
G.; Beckwitt, S. A.; Beckwitt, E. 1995. Interim protection for late-successional
forests, fisheries, and watersheds: a summary of the report of the eastside forests
scientific society panel. In: Everett, Richard L.; Baumgartner, David M., comps.
Ecosystem management in western interior forests. Proceedings of a symposium;
1984 May 3-5; Spokane, WA. Pullman, WA: Washington State University,
Department of Natural Resource Sciences. 103-114.

Reaves, Jimmy L.; Shaw, Charles G., III; Mayfield, John E. 1990. The effects
of Trichoderma spp. isolated from burned and non-burned forest soils on the

growth and development of Armillaria ostoyae in culture. Northwest Science. 64.
39-44.

Roth, L. F. 1953. Pine dwarf mistletoe on the Pringle Falls Experimental Forest.
Res. Note 91. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Forest and Range Experiment Station. 3 p.

Roth, L. F. 1971. Dwarf mistletoe damage to small ponderosa pines. Forest Science.
17: 373-380.

Roth, Lewis F.; Barrett, James W. 1985. Response of dwarf mistletoe-infested
ponderosa pine to thinning: 2. Dwarf mistletoe propagation. Res. Pap. PNW-
331. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Forest and Range Experiment Station. 20 p.

Sowder, James E. 1951. A sanitation-salvage cutting in ponderosa pine at the
Pringle Falls Experimental Forest. Res. Pap. 2. Portland, OR: U.S. Department
of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment
Station. 24 p.

Speer, James H.; Swetnam, Thomas W.; Wickman, Boyd E.; Youngblood, Andrew.
2001. Changes in Pandora moth outbreak dynamics during the past 622 years.
Ecology. 82: 679-697.

Wickman, Boyd E. 1992. Forest health in the Blue Mountains: the influence of insects
and disease. Gen. Tech. Rep. PNW-GTR-295. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 15 p.

Youngblood, Andrew. 1995. Research publications of the Pringle Falls Experimental
Forest, central Oregon Cascade Range, 1930 to 1993. Gen. Tech. Rep. PNW-
GTR-347. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 45 p.

USDA Forest Service Proceedings RMRS-P-34. 2004.



Enhancing Moist Forest Restoration
Opportunities in Riparian Systems

Theresa Benavidez Jain' and Russell T. Graham'

Abstract—In northern Rocky Mountain moist forests, riparian systems contain many
attributes that create unique biophysical conditions that alter disturbances and mi-
croenvironments; thus creating distinct forest structures, species composition, and
management challenges. For example, browsing, limited opening size, competition
from surrounding ground vegetation, high soil moisture, and cold air drainage chal-
lenge the application of any silvicultural method, but if these aspects are considered
prior to applying restoration efforts, they can also facilitate a successful result. This
paper discusses a series of silvicultural tools that can be used in riparian restoration,
including integrating knowledge on competitive thresholds for western white pine
(Pinus monticola) (occupancy, competitive advantage, and free-to-grow status),
maintaining overstory canopy for modifying cold air drainage, and using coarse
woody debris and other vegetation to decrease browsing damage while minimizing
sedimentation input and soil compaction. Although applying an integrated silvicul-
tural system is critical in any restoration project, non-technical expertise concentrat-
ing on the interactions among people during project implementation is needed to
achieve successful restoration results.

Introduction

In northern Rocky Mountain moist forests, riparian systems contain many
attributes different from upland forests. These systems are characterized as
areas where vegetation and physical components (soils, topography) contrib-
ute directly to a stream or lake’s physical and biological characteristics (i.e.,
shading, stream fauna habitat) (Swanson and Franklin 1992). Depending on
the stream type, the associated riparian areas contain diverse environmental
conditions that affect the composition, regeneration, establishment, and
growth of plants. Herbivory, competition, microsite topography, floods,
erosion, abrasion, drought, frost, and variable nutrition directly affect these
plants. Riparian plants also are indirectly atfected by landscape components
including topography, geomorphology, stream shape, soil type, water quality,
elevation, climate, and surrounding upland vegetation (Odum 1971). Fire,
ice, windstorms, and insect infestations, although less common, can directly
or indirectly influence riparian systems (Agee 1988, Naiman and Decamps
1997).

Plants that colonize and grow in riparian areas have evolved to adapt to
these diverse environments and disturbances by invading, enduring, or resist-
ing these conditions (Agee 1988, Naiman and Decamps 1997). Therefore,
it is important to understand both the riparian environment and a plant’s

adaptations and life history prior to applying silvicultural methods for 1'USDA Forest Service, Rocky Mountain

restoring these systems. The objective of this paper is to discuss the role of Research Station, Moscow, ID.
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silviculture in riparian restoration. Topic areas include the ecological aspects
of the northern Rocky Mountain moist forest riparian environment, which
can affect silvicultural applications, the applicability of integrating multiple
spatial and temporal scales into the silvicultural system or method, and
providing silvicultural tools useful in riparian restoration.

Riparian Environment

Three classes of perennial streams occur in moist forest settings: riffle-
pool, cascade-pool, and meandering glide (Rabe and others 1994, Savage
and Rabe 1979). Riffle-pool streams have moderate gradients and contain
riffles (shallow, turbulent flow over rock) alternating with smooth-flowing
glides or deep, quiet pools (figure 1). These occur in valleys with narrow
flood plains. Shrubs, grasses, and sedges are the primary riparian vegetation
on the flood plains, and trees occupy settings above these plains (Savage
and Rabe 1979). Since they contain a diverse aquatic insect community
and favorable fish habitat, these streams are often fish bearing. Cascade-
pool streams have torrential flows over large rocks and logs; these streams
dissect steep slopes and have narrow riparian zones (figure 2). Logs are an
important component in cascade-pool streams and are largely responsible for
creating the cascades. Bedrock is usually exposed in the channel and heavy
shading from trees is common. Fish rarely occur in these streams because
the cascades create barriers during low water flow, water velocity is too high
during spring runoff, and resting areas for fish are less abundant (Savage and
Rabe 1979).

Figure 1—Canyon Creek at Priest River Experimental Forest in northern Idaho is an example of a riffle-pool
stream. These streams are often fish bearing and contain a diversity of aquatic insects.
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Figure 2—Benton Creek at Priest River Experimental Forest in northern Idaho is an
example of a cascade-pool stream type. This is characterized as containing very narrow
riparian areas often with trees and logs in the stream and along the riparian area.

Riffle-pool and cascade-pool streams in northern Rocky Mountain moist
forests are characterized by two habitat types: western redcedar (Thuja
plicatn) /devil’s club (Oplopanax horridum) and western hemlock ( Tsuga
heterophylla) /wild ginger (Asarum cadatum) (Cooper and others 1991).
Dominant tree species include western redcedar and western hemlock, but
Engelmann spruce ( Picea engelmannii), western white pine ( Pinus monti-
cola), western larch (Larix occidentalis), and grand fir (Abies grandis) can
also occur. Soils are quartzite and alluvial mixtures of metasediments, siltite,
ash, and mica schist. These soils have fairly coarse textures (gravelly loamy
sands to sandy loams) with up to 40 to 50 percent gravel content. The ripar-
ian areas contain deep forest floors and no bare soils or rock (Cooper and
others 1991).

Meandering glide streams contain many curves and meander along a
shallow gradient (approximately 1 percent) (Savage and Rabe 1979). These
streams have riparian areas that support significant wetland communities
maintained by high water tables and are frequently flooded (figure 3). The
stream biota is adapted to soft substrate, slow water velocities, and some-
times-low oxygen saturation. These conditions often favor only plant species
(sedges, grasses, and forbs) adapted to these conditions. Although many tree
species do not grow in the wetland surrounding the stream or lake, trees
may grow along the edge (poorly drained areas often occur between, but are
not limited to, permanent open water zones and uplands) (Rabe and Bursik
1991, Tiner 1999). For example, some of these areas were once occupied by
large old western redcedar forming shady groves (figure 4).
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Figure 3—Meandering glide streams have low gradients and considerable sinuosity. They
support wetland ecosystems consisting of grasses, sedges, and shrubs. This is the North
Fork of the Clearwater River in northern Idaho.

Figure 4—This picture shows a western redcedar riparian grove along Cedar Creek above the North Fork of the
Clearwater in northern Idaho. These western redcedar are approximately 400+ years, and the understory
consists of dense herbaceous cover.
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Why Restore Riparian Areas?

There are many physical, biological, and social reasons for managing
or restoring riparian areas. Streams and associated riparian areas influence
hydrologic characteristics (Naiman and Decamps 1997, Windell and others
1986). Depending on the soil type and permeability, they alter biogeo-
chemistry, ground water discharge and recharge, erosion control, water
purification, and flood control; moderate air temperatures; contribute water
vapor to the atmosphere; and produce gasses from biomass decomposition
and nutrient cycling (Windell and others 1986). Biologically, they provide
habitat and corridors for a wide range of wildlife species and the vegetation,
soils, and micro-topographical environments favor insect populations (a
requirement for maintaining fisheries). Socially, they are prime areas for
recreational use such as providing spiritual, physical, aesthetic, and recreation
values (Windell and others 1986). In addition, they can also be quite valu-
able for timber production (Berg 1994, Newton and others 1996).

Historically, riparian areas (particularly, meandering glide and riffle-pool
stream types) were frequently the first places developed by European
immigrants because the floodplains provided excellent farmlands. Trees
(narrowleat cottonwood [ Populus angustifolia], western redcedar, western
hemlock, and western white pine) were used for firewood, timber, house
building material, or for a combination of uses (Windell and others 1986).
In the moist forests, channelization often occurred in streams and rivers,
thus decreasing sinuosity (Hann and others 1997, Windell and others
1986). Excessive cattle grazing damages vegetation, increases soil compac-
tion and erosion, introduces exotic plants, and degrades water quality with
fecal contamination (Dobkin and others 1998). Because riparian zones are
highly valued for a variety of purposes and represent a limited fraction of
the landscape, and because past use has led to degraded conditions (Windell
and others 1986), riparian restoration has become an increasingly important
issue.

Restoration of Moist Forest Riparian
Ecosystems

Knowing where to begin is the first step in any restoration effort. Land-
scape attributes can provide a biophysical template for setting restoration
priorities. Some have suggested a step-down process from broad to fine
scales for planning restoration activities (Jensen and Greene 1991, Naiman
and others 1993). For example, in the Coeur d’Alene River Basin of the
northern Rocky Mountains, Jain and others (2002) used multiple spatial
scales combined with historical pattern of western white pine abundance to
define possible restoration priorities. They determined western white pine
was most abundant and most productive in places where subsurface flow of
water and water retention occurred in areas found on slopes highly dissected
by streams, slopes adjacent to streams, toeslopes, benches, or wide stream
bottom riparian areas. Camp and others (1997) identified fire refugia based
on physical landscape attributes occurring at multiple spatial scales in the
eastern Cascades. They too found these protected areas occurred near or
adjacent to riparian areas. Jensen and Greene (1991) used a hierarchical
approach to describe and map riparian areas. They used this information
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to identify location, extent, and diversity of riparian areas, evaluate existing
condition, and identify reasonable desired future conditions for manage-
ment. Because the approach was hierarchical in nature, broad scales provided
context for fine scale prioritization; and the approach identified relative
uniqueness of stream and riparian areas, current condition relative to other
riparian areas, and whether a particular future desired condition was possible
(Jensen and Greene 1991). Using a multiple scale approach at least by
linking the entire watershed to site-specific treatments of riparian areas is one
key area that has proven effective in restoration projects (Cannin 1991).

Temporally, understanding the past history relative to the current condi-
tion can help identify the time frame needed to attain a future desired goal
in restoration efforts. Moreover, time can provide an indication of what
might be a feasible desired future condition. For example, if old growth
western redcedar once occupied the site, but was harvested in the early part
of the 20th century, a possible desired future condition is to restore this
area to a western redcedar grove. However, the conditions for regeneration
may be vastly different today when compared to 400 years ago, when the
original western redcedar regenerated. Furthermore, over time, intermittent
disturbances probably encouraged the development of the grove. The cli-
mate, stream morphology, and other physical and biological aspects may also
be quite different today when compared to historical conditions. Chambers
and others (1998) discovered that riparian areas in Nevada could not be
restored to conditions that existed prior to the past 150-200 years. They
determined climate change and stream incision from recent floods prevented
these riparian areas from attaining characteristic forest compositions and
structures of the past. If similar changes occurred in riparian areas that once
held large old western redcedar, it may not be appropriate to plant western
redcedar (late-seral species) in hopes of obtaining a historical condition. This
may be particularly true if current plant communities reflect an early succes-
sional stage. In this case, early-successional tree species (western white pine,
lodgepole pine, Engelmann spruce) may be more appropriate with future
western redcedar reintroductions possible underneath an established canopy.
Theretore, the time frame to achieve the desired condition may take multiple
centuries rather than one or two centuries.

Two silvicultural objectives often applied in riparian restoration include
establishing desirable high cover (>12 m in height) or improving forest
ground cover (<3.5 m in height). Large conifers play important roles in
riparian and stream sustainability (such as wood input, wildlife habitat, and
long-term nutrition); hence, maintaining or regenerating conifers is often
a goal in riparian restoration (Newton and others 1996). Meandering glide
or riffle-pool streams occur in valley bottoms and have been most likely
harvested in the past or have roads along the streams. Therefore, the follow-
ing discussion will be most applicable in these stream types but may also be
applied to other types (i.e., lakes, small springs) of riparian restoration.

Restoration activities associated with silvicultural systems occurring along
cascade-pool streams will be most similar to upland regeneration techniques.
Minimum competition from shrubs and grasses will tend to occur in
these settings, since the dominant vegetation is often composed of trees.
Browsing damage can occur from deer ( Odocozlens spp.) and elk (Cervus
elaphus nelsoni) but will be similar to damage occurring in the upland forest.
Regeneration in riffle-pool stream riparian areas will have some competition
from grass and shrubs, but if regeneration occurs far enough from the
stream, competition may be minimized. However, browsing may impact
regeneration efforts, since riffle-pool streams attract both ungulates and
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small animals. In the meandering-glide streams, a silvicultural system will
need to address competition, high water tables, browsing, and sedimentation
from flooding.

Restoration techniques that include enhancing current forest structure or
composition may include cleanings, weedings, and thinnings. Historically,
these treatments were associated with altering tree structure and composi-
tion. Silvicultural methods could be applied to encourage sprouting in
deciduous trees such as narrowleaf cottonwood ( Populus angustifolin), paper
birch (Betula papyrifera), and aspen (Populus trimuloides). Silvicultural treat-
ments can also be used to develop desired shrub communities. For instance,
coppicing can be applied to favor large shrubs like alder (A/nus spp.), willow
(Salix spp.), or Rocky Mountain maple (Acer glabrum). However, care must
be taken as not to have adverse outcomes such as introducing exotic plants,
compacting or displacing soil, or losing excessive surface organic matter.

Establishing Trees

To meet many restoration goals, species presence may be as important
as ensuring tree numbers. In many restoration efforts, regeneration and
establishment of conifers is difficult and often fails without some type of
disturbance (Newton and others 1996). However, these treatments must
minimize erosion, avoid harmful levels of water contamination by silt
or herbicides, and maintain adequate stream cover (Newton and others
1996). In riparian settings prone to aggressive colonization by ground level
vegetation, large planting stock (3-0 or greater) is preferred no matter what
species or combination of species is selected. Grasses, forbs, and sedges not
only compete for nutrients and light but they can also mechanically injure
trees and attract trampling animals. Moreover, overstory competition (trees,
shrubs) should be irregularly spaced to maximize sunfleck duration and
decrease sunfleck density (Jain 2001). Large seedlings are more resilient to
damage from browsing or other animal damage and once established can
compete more readily with other plants (Cafferata 1992; Giusti and others
1992; Graham and others 1992; Marsh and Steele 1992; Newton 2002;
Rochelle 1992). However, the planting of large seedlings requires additional
care and handling to ensure they have proper root to shoot ratios, are not
bent or twisted (j-rooted) when planted, and have good root to soil contact.

Species Preference

In moist forests, suggested species include western white pine, lodgepole
pine, western redcedar, western hemlock, and Engelmann spruce. In stream
reaches that tend to pool cold air creating frost pockets, lodgepole pine,
western white pine, and Engelmann spruce are the favored species, because
of their tolerance to frost when dormant (Minore 1979). In settings with
high forest cover and minimal competition from ground level vegetation,
western redcedar, western hemlock and /or western white pine may be more
applicable.

Although western white pine is an early to mid-successional species, it is
well suited to growing in many riparian settings since it can tolerate a range
of growing conditions and endemic diseases in northern Rocky Mountains
moist forests. The species is well suited for planting in small openings within
riparian systems and its growth is predicated on the size of opening or gap
in which it is located. Jain and others (2002) determined openings within
riparian areas might only need to be 0.25 ha in size for western white pine
to achieve competitive advantage and 0.5 ha in size to achieve free-to-grow
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status (i.e., when a seedling or small tree is free from competition from other
plants) (Helms 1998).

Controlling Competition

In many riparian areas, successful conifer establishment and growth
is dependent upon the ability to control competing vegetation. Most
often, overtopping of seedlings needs to be minimized until they become
established and are able to obtain free-to-grow status (figure 5). In riparian
areas, grasses tend to be tall (sometimes 2 meters) and there is often a high
density of shrubs and various herbaceous plants (figure 6). Moreover, when
overtopping grass or forbs die or collapse, seedlings can be crushed and/or
covered by the grass (especially under snow). Therefore, competing vegeta-
tion control needs to extend beyond the immediate planting area (possibly
up to a 2 meter radius around a tree) (figure 7). The preferred method for
controlling competition depends on cost, impacts, method efficacy, and
personal safety when applied (Newton and others 1996), but it can include
mechanical or chemical treatments.

Mechanically removing vegetation can elevate sediment input, increase soil
compaction, and may be difficult to apply to small areas (Harvey and others
1989). Furthermore, results may be short lived. Mechanical applications
often favor sprouting of shrubs, and forbs and grasses may colonize areas
before a tree becomes established and achieves free-to-grow status (Miller
1986). Applying a second mechanical treatment risks injuring or destroying
planted seedlings. Mechanical treatments may also present risks for exotic
plant invasion, since mineral soil exposure is an ideal seedbed for many plant
species (Haig and others 1941). Manually cutting and removing competition

Figure 5—In riparian restoration, grass and shrubs are considered part of the canopy when
establishing new seedlings. Under tall grass, this canopy opening is approximately 60
percent and would not achieve free-to-grow status for western white pine.
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Figure 6—Riparian areas tend to have
high concentrations of grass, forbs, and
shrubs that are usually quite tall. In this
picture, the grass is at least 1 m tall. If
the objective is to establish conifers,
some site preparation and competition
control is required.

Figure 7—Western white pine seedling with competition
removed in planting spot that was not large enough to
avoid being crushed by surrounding grass and other
vegetation.
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minimizes compaction and sediment input, but it is extremely labor intensive
and may require several treatments per year (Newton and others 1996).
Another option is to use herbicides to control competition. Spot herbicide
application has several advantages over broadcast application (Boyd 1986).
First, it is less costly because there is less chemical used per unit area.
Second, spot application is usually more environmentally acceptable and
desirable over broadcast application, because small areas are treated and
application is possible under a wider variety of weather conditions. Finally,
this treatment provides a diversity of habitats that may benefit wildlife and
prevent the concentration of animals that could physically damage trees.
If the herbicide is applied conservatively and the appropriate herbicide
(glyphyosate, imazapyr, metsulfuron, and/or triclopyr) is used, this method
can provide systemic and non-systemic herb and shrub control with no water
contamination (Newton and others 1996, Newton 2002). Disadvantages in-
clude greater labor costs compared to broadcast application, more hazardous
to workers because they most likely will be applying it by hand or intimately
working with the herbicide, and if used in site preparation, spots may be
difficult to locate at planting time so flags may need to be placed in applied
areas (Boyd 1986). Herbicides used for shrub control in forests include
2,4-D, glyphosate, imazapyr, picloram, or triclopyr. To control herbaceous
plants (grasses and forbs), Atrizine, 2,4-D, sulfometuron, and hexazinone
are suggested (Newton 2002). However, specific time of application and
effectiveness of herbicide to affect targeted vegetation varies. Specific details
on application and target species are available through the Pacific Northwest
Experiment Station Weed Management Handbook (Newton 2002).

If one cannot treat competition either
mechanically or chemically, the only viable
option is planting Engelmann spruce,
since it has a stift enough stem to avoid
crushing or bending under grasses or other
vegetation (Robert Hassoldt, personnel
communication) (figure 8). Additionally,
there is some evidence that spruce may
grow relatively well in places with moderate
amounts of competition. For example,
white spruce (Picea glanca) has been shown
to perform similarly or better in places with
low and medium shrub densities when com-
pared to areas with no shrubs. White spruce
growth was only affected in places with high
shrub densities (Posner and Jordan 2002).

Browsing

A variety of animals (insects, rodents,
omnivores, ungulates, and livestock) may
eat or damage tree seedlings. Livestock and
wildlife damage can occur from browsing,
trampling, and rubbing, and most western
tree species are susceptible. Wildlife species
including, but not limited to, beaver ( Castor
canadensis), porcupines ( Evethizon dorsa-
tum), lagomorphs ( Lepus spp. and Sylvilagus
spp-), black bear ( Ursus americanus), deer,

Figure 8—Engelmann spruce seedling planted with no
competition control.
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and elk can damage seedlings. Riparian areas attract a wide range of these
wildlife and livestock, making animal conflicts an issue in many restoration
efforts. Hence, the potential for browse damage should be thoroughly
evaluated prior to implementing the silvicultural system (Knapp and Brodie
1992, Nolte 2003a). Nolte (2003a) suggested using a five step process: (1)
assess the severity and potential damage if no action is taken, (2) evaluate the
feasibility of alleviating the problem, (3) develop a strategy prior to browse
damage prevention measures, (4) implement program, and (5) monitor
consequences.

It may also be wise to evaluate potential browse impacts at multiple spatial
scales, to help identify how a riparian area contributes to the overall wildlife
habitat matrix (McComb 1992). The size of the area to evaluate will depend
on the species of interest (figure 9). If the species is beaver, then an evaluation
of riparian attributes will be sufficient; however, if deer or elk are the species
of interest then a landscape (watershed) perspective may be more appropriate.
If the riparian area to be restored is the only source of water or has unique
habitat attributes favoring a particular species, then it may receive abundant
use. Under these circumstances seedlings may require considerable protection
or else damage can be severe enough to reevaluate restoration objectives.

A variety of preventive and remedial techniques have been tested, with
mixed results. These have included providing alternative food source or
planting unpalatable trees species, silviculturally modifying habitat to
disfavor specific browsing species, physically or chemically protecting tree
seedlings, frightening browsers away, or trapping or killing browsing threats.
Unfortunately, there is not one method that solves all browsing problems.
The preferred approach will depend on assessment results and the most
effective treatment may require integrating several methods.

Sometimes, providing a preferred food source decreases the probability of
trees being browsed (Nolte 2003b). This method, in theory, provides benefits
like the maintenance of plant diversity and water quality, and can be relatively
cost-effective compared to fencing or other types of plant protection. But
extensive evaluation of methods is limited and results are highly variable
(Cafterata 1992; Giusti and others 1992; Graham and others 1992; Marsh
and Steele 1992; Newton 2002; Rochelle 1992). With spot application of
herbicides, fewer food sources are eliminated, which may potentially dimin-
ish browsing problems. Another technique is to plant tree species that are
tolerant to or less susceptible of being browsed (Black and Lawrence 1992).
Unfortunately, in the moist forests, western redcedar (which is very palatable)

Spatial Scale
Landscape Deer/Elk
) Figure 9—Wildlife habitats occur at
Porcupine different spatial scales (McComb
1992). Therefore, riparian
Stand Douglas restoration efforts should consider
Squirrel multiple spatial scales when
Pocket evaluating potential animal
damage.
Gopher
Riparian Beaver

Size of Home Range
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is the preferred species used in riparian restoration; therefore seedling damage
from wildlife can be prohibitive to its establishment. Many recommend large
planting stock because it typically is less vulnerable to animal damage (Caf-
ferata 1992; Giusti and others 1992; Graham and others 1992; Marsh and
Steele 1992; Newton 2002; Rochelle 1992).

Physical protection of seedlings with polypropylene mesh tubes is an op-
tion and appears to be successful in some cases (Black and Lawrence 1992).
Fencing riparian areas to keep livestock out can be effective, but expense
limits its use (Nolte 2003c). Other forms of physical deterrents might be
possible. Graham and others (1992) noted that when coarse woody debris
(>7.5 cm in diameter) was greater than 50 Mg/ha before livestock utiliza-
tion fell below 10 percent. These are well within the recommended amounts
(37 to 74 Mg/Ha) necessary for maintaining long-term soil productivity
(Graham and others 1994). In some cases, minimizing disturbance avoids
creating habitat that may increase pocket gopher (Thomomys talpoides)
populations (Marsh and Steele 1992).

In riparian restoration, application of chemical repellents or poisons may
not be an acceptable option unless the browsing problem is severe and posi-
tive results are substantial. First, water quality issues should be investigated
before using any repellents or poisons. In some cases repellents have had
inconsistent results, making chemical treatment an impractical option (Nolte
2003d). Moreover, competition and browsing issues are often interdepen-
dent. In these situations, herbicide application for competition control may
take precedence over the use of chemical repellents. Removing, killing,
trapping, or frightening the animal may be valid options. Studies have shown
that controlling pocket gopher populations with strychnine baiting poses
relatively little risk to non-target species (Arjo 2003). But the effects of re-
moval may be short-lived since a replacement mammal usually occupies the
vacant habitat, necessitating the continuous application of treatments. This
option may also prove socially unacceptable (Schmidt and others 1992).
Frightening devices are usually ineffective in deterring ungulates; however,
other methods are currently under evaluation and testing (Nolte 2003c).

Biological methods may be useful for decreasing populations of unwanted
browsers. For example, a recent study considered the interaction between
weasels (Musteln spp.) and pocket gophers (Arjo 2003). In this study, 80
percent of the weasels killed and consumed healthy pocket gophers. All
weasels ate strychnine-baited gopher carcasses 72 hours after gophers died,
but no weasels died from secondary poisoning.

Successful Restoration Requires More Than
Technical Expertise

Riparian restoration can be enhanced and successful only when treatments
are integrated into a silvicultural system. However, the application of a
silvicultural system by itself will not lead to a successful restoration project;
other aspects also need ample consideration. Cannin (1991) summarized
attributes characteristic of successful riparian restoration projects. Many were
not technical application of treatments but rather the interaction of people
in conducting the project. Strong leadership from a few designated people
was critical, as was a political environment that promoted creativity, financial
support, and effective implementation.

A multiple scale approach when planning projects is essential to recognize
riparian zones as a part of the landscape rather than treating them as isolated
areas. Pretreatment evaluation and surveys that clarify goals at the beginning
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allow participants to develop effective solutions to address problems. Post-
treatment monitoring to evaluate success (or failure) allows for adaptive
management. Increased public awareness through demonstration projects
and proper land use practices should positively influence human behavior to-
ward respecting sensitive riparian areas. Community involvement in project
implementation is critical as is close communication between agencies, local
governments, and landowners. In conclusion, it takes both technical and
social expertise to implement a successful restoration project with ingenuity
and imagination.

References

Agee, James K. 1988. Succesional dynamics in riparian zones. In: Proceedings of the
symposium on streamside management: riparian wildlife and forestry interactions:
1987 February 11-13; Seattle, WA. Seattle, WA: University of Washington,
Institute of Forest Resources. 31-43.

Arjo, Wendy M. 2003. Is it a pocket gopher or mole? Western Forester. 48(4):
12-13.

Berg, Dean Rae. 1995. Riparian silvicultural system design and assessment in the
Pacific Northwest Cascade Mountains, USA. Ecological Applications. 5(1):
87-96.

Black, Hugh C.; Lawrence, William H. 1992. Chapter 2: Animal damage
management in Pacific Northwest Forests: 1901-90. In: Black, Hugh C., tech
ed. Silvicultural approaches to animal damage management in Pacific Northwest
forests. PNW-GTR-287. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 23-56.

Boyd, Raymond J. 1986. “Spot” herbicide treatments for site preparation and
conifer release: a viable alternative to aerial broadcast application on many sites.
In: Baumgartner, David M.; Boyd, Raymond J.; Breuer, David W.; Miller,
Daniel L., comp. and eds. Weed control for forest productivity in the interior
west: symposium proceedings; 1985 February 5-7; Spokane, WA. Pullman, WA:
Washington State University. 105-106.

Cafferata, Stephen L. 1992. Chapter 11: Mountain beaver. In: Black, Hugh C.,
tech. ed. Silvicultural approaches to animal damage management in Pacific
Northwest forests. PNW-GTR-287. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 231-252.

Camp, Ann; Oliver, Chad; Hessburg, Paul; Everett, Richard. 1997. Predicting
late-successional fire refugia pre-dating European settlement in the Wenatchee
Mountains. Forest Ecology and Management. 95: 63-77.

Cannin, Sean L. 1991. Characteristics of successful riparian restoration projects
in the Pacific Northwest. Report for the U.S. EPA Region 10, Water Division
Seattle, WA: United States Environmental Protection Agency. 53 p.

Chambers, Jeanne C.; Farleigh, Karen; Tausch, Robin J.; Miller, Jerry R.;
Germanoski Dru; Martin, David; Nowak Cheryl. 1998. Understanding long- and
short-term changes in vegetation and geomorphic processes: the key to riparian
restoration. In: Proceedings, AWRA specialty conference: rangeland management
and water resources; Reno, Nevada. Technical Publication Series. Herndon, VA:
AWRA. 101-110.

Cooper, S. V.; Neiman, K. E.; Roberts, D. W. 1991. Rev. 1991. Forest habitat types
of northern Idaho: A second approximation. Gen. Tech. Rep. INT-236. Ogden,
UT: U.S. Department of Agriculture, Forest Service, Intermountain Research
Station. 143 p.

Dobkin, Davis S.; Rich, Adam C.; Pyle, William H. 1998. Habitat and avifaunal
recovery from livestock grazing in a riparian meadow system of northwestern
Great Basin. Conservation Biology. 12(1): 209-221.

Giusti, Gregory A.; Schmidt, Robert H.; Tim, Robert M.; Borrecco, John E.;
Sullivan, Thomas P. 1992. Chapter 14: The lagomorphs: rabbits, hares and

USDA Forest Service Proceedings RMRS-P-34. 2004.

61



62

pica. In: Black, Hugh C. tech. ed. Silvicultural approaches to animal damage
management in Pacific Northwest forests. PNW-GTR-287. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station.
289-308.

Graham, R. T.; Harvey, A. E.; Jurgensen, M. F.; Jain, T. B.; Tonn, J. R.; Page-
Dumroese, D. S. 1994. Recommendations for managing coarse woody debris
in northern Rocky Mountain forests. Res. Pap. INT-RP-477. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Intermountain Research Station.

Graham, Russell T.; Kingery, James L.; Volland, Leonard A. 1992. Chapter 17:
Livestock and forest management interactions. In: Black, Hugh C., tech. ed.
Silvicultural approaches to animal damage management in Pacific Northwest
forests. PNW-GTR-287. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest research Station. 351-364.

Haig, I. T.; Davis, K. P.; Weidman, R. H. 1941. Natural regeneration in the western
white pine type. Tech. Bulletin No. 767 Washington, D.C.: U.S. Department of
Agriculture. 99 p.

Hann, Wendel J.; Jones, Jeftrey L.; Karl, Michael G. Sherm; Hessburg, Paul F.;
Keane, Robert E.; Long, Donald G.; Menakis, James P.; McNicoll, Cecilia H.;
Leonard, Stephen G.; Gravenmier, Rebecca A.; Smith Bradley G. 1997. Chapter
3: Landscape dynamics of the Basin. In: Quigley, Thomas M.; Arbelbide, Sylvia
J., tech. eds. An assessment of ecosystem components in the Interior Columbia
Basin and portions of the Klamath and Great Basins: Volume II. Gen. Tech. Rep.
PNW-GTR-405. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station. 338-1055.

Harvey, A. E.; Meurisse, R. T.; Geist, J. M.; Jurgensen, M. E.; McDonald, G. 1;
Graham, R. T,; Stark, N. 1989. Managing productivity processes in the inland
Northwest-mixed conifers and pines. In: Perry, D. A.; Meurisse, R.; Thomas,
B.; Miller, R.; Boyle, J.; Means, J.; Perry, C. R.; Powers, R. F., eds. Maintaining
long-term forest productivity of Pacific Northwest Forest Ecosystems. Portland,
OR: Timber Press. 164-184.

Hassoldt, Robert. 2003. [Personal communication]. Jullieta, Idaho: Consulting
Forester.

Helms, John A. 1998. The dictionary of forestry. Bethesda, MD: Society of
American Foresters. 210 p.

Jain, Theresa B. 2001. Biophysical characteristics influencing growth and abundance
of western white pine (Pinus monticola) across spatial scales in the Coeur D’Alene
River Basin, Idaho. Moscow, Idaho: University of Idaho. 221 p. Dissertation.

Jain, Theresa B.; Graham, Russell T.; Morgan, Penelope. 2002. Western white pine
development in relation to biophysical characteristics across different spatial scales
in the Coeur d’Alene River basin in northern Idaho, U.S.A. Canadian Journal of
Forest Research. 32(7): 1109-1125.

Jensen, Mark; Greene, Pat. 1991. An integrated approach for riparian inventory.
In: Harvey, A. E., ed. Proceedings: Management and productivity of western-
montane forest soils; Gen. Tech. Rep. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Research Station. 237-239.

Knapp, Walter H.; Brodie, J. Douglas. 1992. Chapter 18: The process of managing
animal damage. In: Black, Hugh C., tech ed. Silvicultural approaches to animal
damage management in Pacific Northwest forests. PNW-GTR-287. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 365-376.

Marsh, Rex E.; Steele, Robert W. 1992. Chapter 10: Pocket gophers. In: Black,
Hugh C., tech. ed. Silvicultural approaches to animal damage management in
Pacific Northwest forests. PNW-GTR-287. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 205-230.

McComb, William C. 1992. Chapter 19: Modeling systems for prescription
development. In: Black, Hugh C., tech. ed. Silvicultural approaches to animal
damage management in Pacific Northwest forests. PNW-GTR-287. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 377-394.

USDA Forest Service Proceedings RMRS-P-34. 2004.



Miller, Daniel L. 1986. Manual and mechanical methods of vegetation control: what
works and what doesn’t. In: Baumgartner, David M.; Boyd, Raymond J.; Breuer,
David W.; Miller, Daniel L., comp. and eds. Weed control for forest productivity
in the interior west: symposium proceedings; 1985 February 5-7; Spokane, WA.
Pullman, WA: Washington State University. 55-60.

Minore, D. 1979. Comparative autecological characteristics of northwestern tree
species: a literature review. Gen. Tech. Rep. PNW-87. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Forest and Range
Experiment Station. 72 p.

Naiman, Robert J.; Decamps, Henri. 1997. The ecology of interfaces: riparian
zones. Annual Review of Ecology and Systematics. 28: 621-658.

Naiman, Robert J.; Decamps, Henri; Pollock, Michael. 1993. The role of riparian
corridors in maintaining regional biodiversity. Ecological Applications. 3(2):
209-212.

Newton, Michael. 2002. Pacific Northwest weed management handbook, Available:
http://pnwpest.org,/pnw/weeds:20W_FORSO01 .dat.

Newton, Michael; Willis, Ruth; Walsh, Jennifer; Cole, Elizabeth; Chan, Samuel.
1996. Enhancing riparian habitat for fish, wildlife, and timber managed forests.
Weed Technology. 10: 429-438.

Nolte, Dale L. 2003a. Developing strategies to alleviate wildlife damage to forest
resources. Western Forester. 48(4): 16-27.

Nolte, Dale L. 2003b. Developing approaches to reduce wildlife damage to forest
resources. Western Forester. 48(4): 1-3.

Nolte, Dale L. 2003c. Managing ungulates to protect trees. Western Forester.
48(4): 14.

Nolte, Dale L. 2003d. Repellents are socially acceptable tools. Western Forester.
48(4): 22-23.

Odum E. P. 1971. Fundamentals of ecology. Philadelphia, PA: W. B. Saunders Co.
574 p.

Posner, S. D.; Jordan, P. A. 2002. Competitive effects on plantation white spruce
saplings from shrubs that are important browse for moose. Forest Science. 48(2):
283-289.

Rabe, Fred; Bursik, Robert. 1991. Natural wetland diversity in Idaho. Moscow,
Idaho: Idaho Water Resources Research Institute. 13 p.

Rabe, Fred W.; Elzinga, Caryl; Breckenridge, Roy. 1994. Classification of
meandering glide and spring stream natural areas in Idaho. Natural Areas Journal.
14(3): 188-202.

Rochelle, James A. 1992. Chapter 16: Deer and elk. In: Black, Hugh C, tech. ed.
Silvicultural approaches to animal damage management in Pacific Northwest
forests. PNW-GTR-287. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 333-350.

Savage, Nancy L.; Rabe, Fred W. 1979. Stream types in Idaho: an approach to
classification of streams in natural areas. Biological Conservation. 15: 301-315.

Schmidt, Robert H.; Brooks, Dale L.; Salmon, Terrell P. 1992. Chapter 20: Social,
political, legal, and ethical aspects of animal damage management in forestry. In:
Black, Hugh C., tech. ed. Silvicultural approaches to animal damage management
in Pacific Northwest forests. PNW-GTR-287. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 395-404.

Swanson, F. J.; Franklin, J. F. 1992. New forestry principles from ecosystem analysis
of pacific northwest forests. Ecological Applications. 2(3): 262-274.

Tiner, Ralph W. 1999. Wetland indicators: a guide to wetland identification, delin-
cation, classification, and mapping. Washington, D.C.: CRC Press LLC. 392 p.

Windell, John T.; Willard, Beatric E.; Cooper, David J.; Foster, Susan Q.; Knud-
Hanse, Christopher F.; Rink, Lauranne P.; Kiladis, George N. 1986. An ecological
characterization of Rocky Mountain montane and subalpine wetlands. Biol. Rep.
86(11). Washington, D.C.: U.S. Department of Interior, Fish and Wildlife Service.
298 p.

USDA Forest Service Proceedings RMRS-P-34. 2004.

63



Silvics and Silviculture in the Southwestern
Pinyon-Juniper Woodlands

Gerald ). Gottfried’

Abstract—Southwestern pinyon-juniper and juniper woodlands cover large areas of
the western United States. The woodlands have been viewed as places of beauty and
sources of valuable resource products or as weed-dominated landscapes that hinder
the production of forage for livestock. They are special places because of the emo-
tions and controversies that encircle their management. Silvicultural methods can be
employed on better sites to meet multiresource objectives and to maintain the health
and sustainability of the woodlands. Silviculture must be based on an understand-
ing of the silvics of the woodlands and their major species. Single-tree selection and
diameter-limit prescriptions are being evaluated in central Arizona. Silvopastoral
prescriptions that can maintain the tree component and provide for increased forage
production and improved wildlife habitat are being tested in New Mexico.

Introduction

Why are pinyon-juniper and juniper woodlands special places? Is it because
they are uncommon? There are more than 47 million acres of coniferous
woodlands within the western states and they are important landscape
components in seven states (Evans 1988). The woodlands are divided into
the Great Basin and southwestern woodlands. Pinyon-juniper woodlands
cover approximately 7.7 million acres and associated juniper woodlands cover
an additional 3.1 million acres in Arizona. Together the two woodland types,
which will be considered together for this paper, comprise 56 percent of the
forestland within the state (O’Brien 2002). The woodland types also are
important in New Mexico, where they cover about 56% of the forestland or
8.5 million acres (Van Hooser et al. 1993). The woodlands are special places
because of the emotions and controversies that their management gener-
ates among the diverse human populations of the Western United States.
Some people view them as areas of natural beauty, an integral part of many
southwestern national parks such as the Grand Canyon, Mesa Verde, or Zion.
The woodlands are important to the cultural traditions and activities of the
region’s American Indian and Spanish people, some of whom depend on the
woodlands for fuelwood, timber, and pinyon nuts; for habitats for game and
species with ceremonial importance; and for medicinal crops and for grazing
livestock. They provide a source of employment in areas where jobs are often
scarce. The woodlands provide important watershed cover and are of increas-
ing importance for recreation by the region’s growing urban populations. On
the other side are some interests who hold that the trees are weeds that are
invading natural grasslands and that the best management is to remove them
1'USDA Forest Service, Rocky Mountain so that more forage can be produced for livestock. There are, of course, large
Research Station, Phoenix, AZ. ranges of opinions that fall between the two extremes.
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Pinyon-juniper woodlands produce a large variety of natural resource
products and amenities. Silvicultural prescriptions can be used to sustain pro-
ductivity of these lands for multiple resources and to maintain stand health.
Silvicultural activities have the best chance of ecological and economic
success on better sites. Approximately 88 percent of the pinyon-juniper
and juniper woodlands have been classified as “high-site” indicating that
they have the potential for growing wood products on a sustainable basis
(Conner and others 1990). Silvicultural prescriptions can be formulated to
enhance other resources such as wildlife habitat or forage for livestock.

The objectives of this paper are to review the silvics of southwestern pin-
yon-juniper woodlands and their component species and the relative merits
of silvicultural options that have been applied to or proposed for woodland
stands. The paper will then describe preliminary results from two ongoing
silvicultural case studies. The first study involves an evaluation of single-tree
selection and diameter-limit prescriptions in northern Arizona. Silvicultural
prescriptions often are prepared to primarily benefit other resources such as
wildlife habitat or forage production where the impacts on the tree products
are secondary. The second case study describes three silvopastoral treatments
that recently have been completed in central New Mexico to demonstrate
that tree management and forage or wildlife habitat management can be
compatible.

Pinyon-Juniper Woodland Silvics For
Silviculturists

Tree and Stand Characteristics

The southwestern pinyon-juniper woodlands vary in species composition,
density, and physiographic characteristics. At least 70 plant associations have
been recognized in Arizona and New Mexico (Moir and Carleton 1987).
Colorado pinyon (Pinus edulis), which has two-needles on a fascicle, is the
most common pine within the type. Pinyon grows to between 9 and 35
ft in height and 5 to 18 inches in diameter. These slow growing trees may
attain ages of 300 years or older on some sites in Arizona and New Mexico.
Stands may contain one or several species of junipers; the four main species
are oneseed juniper (Juniperus monosperma), Utah juniper (J. osteosperma),
alligator juniper (J. deppeana), and Rocky Mountain juniper (J. scopulorum).
Junipers usually are less than 40 ft tall. They can attain great age, but it is
difficult to age most juniper trees because of the large number of false or
missing rings. The floristic diversity in the woodlands is reflected in their
herbaceous components rather than in the tree cover. While the total under-
story biomass may be small, the total number of species associated with the
widely distributed woodlands is large (Gottfried and others 1995).

Most natural stands have an uneven-aged structure. In Arizona, total
tree volume per acre averages 698 ft in the pinyon-juniper type; net annual
volume growth averages 6.4 ft* /yr (Conner and others 1990). Clary (1987)
reported that herbaceous understory plant biomass ranged from 78 to 1,042
Ib/acre on seven sites in Arizona and New Mexico.

Autecology

Pinyon trees are generally monoecious, although dioeciousness may occur
in trees stressed by drought or insect attack. The pine produces a relatively

USDA Forest Service Proceedings RMRS-P-34. 2004.

65



66

large, wingless seed, which weighs less than 0.01 oz (Ronco 1990). Seed
crops are usually produced every four to seven years, depending on weather
and site conditions. Cones mature in three growing seasons and seeds are
released in mid-September and October. About 300 lbs of seed are produced
on an acre in a good year (Ronco 1990). Seeds have a high nutritional value
and are important food for wildlife. They are harvested by local human
populations for personal consumption or sold commercially. Seed and cone
insects sometimes reduce the amount of seed available for regeneration,
wildlife, or human consumption.

Some of the southwestern junipers are monoecious, such as Utah juniper,
and some are predominately dioecious, such as oneseed juniper (Johnsen and
Alexander 1974). Seed-bearing age varies by species and by climatic condi-
tions during seed development. Juniper “berries” contain one to four seeds
depending on the species. The flowers of most southwestern junipers develop
in the spring and the fruit ripens in the fall; some species require two years for
the seeds to mature. Alligator juniper is the only major woodland tree that has
the ability to regenerate vegetatively when the main trunk is injured.

The heavy mature seeds generally fall to the ground under or next to the
tree crowns. Birds and small mammals are important for the wide dispersal
of both pinyon and juniper seeds. Balda (1987) reported that four species of
corvid birds, scrub jays (Aphelocoma coerulescens), pinyon jays ( Gymnorbinus
cyanocephalus), Clark’s nutcracker ( Nucifraga columbiana), and Steller’s jay
(Cyanocitta stellers), are responsible for caching thousands of pinyon seeds
during a year with a large crop. The birds cache the seeds in the ground and
return in the spring to feed on the buried seeds. Seed that escapes the birds
and rodents provide a main source for tree regeneration. Several birds, such
as Townsend’s solitaire (Myadestes townsendi), are important dispersal agents
for juniper seed. Germination of oneseed juniper is enhanced after passing
through a bird’s digestive tract (Johnsen 1962).

Pinyon will germinate in the spring, but if conditions are not suitable,
germination will be delayed until the summer monsoon period (Gottfried
and others 1995). Most juniper seed germinates in the spring, but germina-
tion may be delayed because of embryo dormancy, chemical inhibitors,
or impermeable seed coats. Juniper germination is generally less than 50
percent while pinyon germination is between 83 and 96 percent. Both trees
are shade-intolerant, but germination and establishment is greater in the
protection of mature trees, shrubs, and logging debris. Large cohorts of
seedlings in the Southwest have been linked to the combination of bumper
seed crops and favorable climatic conditions during the initial germination
and establishment period. Seedling growth is slow, with root growth exceed-
ing top growth in the early years. Growth of older trees of both genera also
is relatively slow; a pinyon may grow to 12 inches in diameter in 150 years
on a good site (Ronco 1990). However, pinyon grows at twice the rate of
junipers (Conner and others 1990).

Synecology

Pinyon-juniper woodlands occupy the warmest tree-dominated zone in
the southwestern United States. They are found from about 4,500 to 7,500
ft in elevation where annual precipitation ranges from 12 to 22 inches.
Precipitation is influenced by geography, topography, and elevation. Differ-
ences in species composition have been related to the proportion of winter
and summer precipitation (Springfield 1976). Woodlands are found on soils
derived from a variety of parent materials.
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The woodlands grade into juniper savannas, grasslands, oak woodlands,
and brush-dominated vegetation zones on drier sites and into ponderosa
pine (P. ponderosa) forests on moister, higher elevation sites. Junipers, which
are more drought-tolerant, dominate on drier sites but the proportion of
pinyon increases with increased elevation and available water. The upper and
lower ecotones have shifted over time because of wildfires and decade-level
climate fluctuations. The extended drought of the 1950s caused extensive
mortality of all woodland tree species and caused shifts in ecotonal areas
throughout the region. The woodlands increased at higher elevations
replacing ponderosa pine stands, and grasslands or shrub ecosystems became
more common at the lower elevations. Several insects, diseases, and parasites
attack the trees, and insect infestations during drought cycles can result
in high mortality over relatively large areas. Outbreaks of a bark engraver
beetle, the pinyon ips (Ips confusus), during the current period of drought,
are causing heavy pinyon mortality in the Southwest and southwestern
Colorado (USDA Forest Service 2004 ). The juniper bark beetle ( Phlocosinus
christatus) is contributing to the mortality of drought-stressed junipers in
areas throughout the Southwest. Pinyon dwarf mistletoe (Arceuthobinm
divaricatum) is an important parasite that causes locally severe damage and
mortality. True mistletoes ( Phorodendron spp.) are common on junipers but
generally do not cause heavy damage. Fire was the most common natural
disturbance prior to the introduction of livestock by European-American
settlers. Fires were uncommon in the recent past because of the loss of a
healthy and continuous herbaceous understory that could carry fire through
the stands. Fire exclusion has been linked to increases in tree stand densities
in the forests, woodlands, and savannas of the Southwest. However, pinyon-
juniper woodlands will burn under severe conditions, and one of the impacts
of the recent drought and associated insect mortality has been an increase in
the intensity and frequency of wildfires within the woodlands. Successional
stages in the woodlands usually contain the same species but in differing
densities and dominance (Evans 1988). Junipers are the first tree species to
return to a site after a fire or other disturbance but are often followed and
replaced by pinyon.

Silviculture For Multiple Resources

There was a shift in attitudes toward pinyon-juniper woodlands after
the oil crisis of the mid-1970s when the demands for firewood increased dra-
matically throughout the Southwest. Managers began to consider woodland
management that would sustain healthy stands that could be managed for
multiple resources. However, not all sites can produce the full range of re-
source benefits, and this must be considered in land management planning.
Silviculture has the best potential for success on the most productive sites
that can sustain the production of tree products based on soil properties,
slope, and the presence of regeneration (Van Hooser and others 1993).
Most pinyon-juniper woodlands in the Southwest have been classified as
high-sites. There is a renewed interest in silvicultural systems and methods
for the woodlands, especially on the more productive high-sites.

A number of silvicultural regeneration methods can be prescribed for
pinyon-juniper woodlands (Bassett 1987), depending on the land manager’s
desired biological and economic objectives. Single-tree selection has a
number of advantages since it favors natural regeneration of the main tree
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species, protects the site from wind and water erosion, can maximize vertical
diversity important for wildlife, is easier to manipulate composition, and is
esthetically pleasing (Bassett 1987). There are disadvantages since it is more
difficult to plan and administer wood sales, residual trees can be damaged,
horizontal diversity may be reduced over large areas, prescribed burning is
not possible, and dwart mistletoe control is difficult.

Other prescriptions, such as two-step or three-step shelterwood and
group selection, are used in the Southwest. Clearcutting, which is the easiest
prescription to plan and administer, is discouraged unless the objective is
to increase forage and browse for livestock and wildlife, or to control dwarf
mistletoe. Clearcuts are difficult to regenerate because of poor seed dispersal,
except where alligator juniper, which sprouts, is a major stand component.
Clearcuts are the least esthetically pleasing. However, the harvesting of nar-
row stripes of woodland or small openings is beneficial for deer ( Odocoilens
spp.) and elk ( Cervus elaphus) because large homogeneous landscapes are
broken up, providing food and adjacent hiding-thermal cover. While some
private landowners may continue to remove the tree cover, many have
recognized the values for their lands and livestock operations of creating
mosaics of openings and woodlands, or of attempting to create savannas by
retaining larger trees or groups of trees. Artificial regeneration of woodland
species is not common because of the high expense but is used to reclaim
mining sites and to restore vegetation around recreational areas following
wildfires. However, artificial regeneration may be necessary if pinyon is to be
restored in drought and insect-impacted woodlands. One treatment will not
fit all situations and several may be valid within a landscape. New ecological
knowledge and management techniques will contribute to future activities
within the southwestern pinyon-juniper woodlands.

A Silviculture Experiment

The Rocky Mountain Research Station, in cooperation with the Black
Mesa Ranger District of the Apache-Sitgreaves National Forests, Arizona,
has completed the field phase of a study of several woodland silvicultural
treatments, including single-tree selection and diameter-limit prescriptions,
compared to changes in unharvested control plots. The diameter-limit
prescription also could be characterized as the removal harvest of a one-cut
shelterwood or an overstory removal, except that an upper diameter for
residual trees was specified. The prescriptions were selected because they
were being conducted by the District or were being considered for future
management. The objectives of the treatments were to evaluate the effects of
treatment on overstory characteristics and tree regeneration and to demon-
strate the feasibility of these prescriptions for woodland management. A case
study will be reported based on results from one of the single-tree selection
plots and from one of the diameter-limit plots. Prescription planning was
coordinated with the forest managers who administered the treatments as
commercial fuelwood sales. Treatments had to be practical, considering the
constraints of time and money, to be accepted by managers and fuelwood
contractors.

The Study Area

The long-term study is located on the Black Mesa Ranger District of the
Apache-Sitgreaves National Forests. The study site is 7 miles northeast of

USDA Forest Service Proceedings RMRS-P-34. 2004.



the town of Heber, which is approximately 110 mi northeast of Phoenix.
Topography on the study site is relatively flat. Ephemeral stream channels
that drain the area were not included in the study plots to reduce variability.
Elevation is approximately 6,600 to 6,800 ft. Precipitation occurs during
two seasons. Winter precipitation, usually snow, is produced by frontal
storms that originate in the Pacific Ocean while summer monsoon precipita-
tion occurs as convectional rains from moisture from the Gulf of Mexico.
Winter storms produce about 55 percent of the average annual precipitation
(with standard deviation) of 19.0 + 3.3 inches, as measured at the Ranger
District office from 1981 through 2001. Precipitation for the 12-year

study period was 18.5 + 4.2 inches. The soils are derived from undivided
Cretaceous sedimentary rocks, mostly limestone, shale, and sandstone; most
are classified as Lithic Ustochrepts or Udic Haplustalfs and have fine loams
in the surface horizon (Laing and others 1987).

The woodland in the study area consisted of Colorado pinyon, oneseed
juniper sites, alligator juniper, and occasional ponderosa pine. Pinyon is
the most common tree species. Stand conditions in the general area had an
average basal area of 101 + 23.5 ft?/acre and average canopy cover of about
40 percent (Laing and others 1987). The primary plant association is Pinus
edulis/ Bouteloun gracilis (USDA Forest Service 1997), which is one of the
most common associations in Arizona and New Mexico. Cattle grazed the
area during part of the study period, but use was minimal. Local residents
had removed some large trees over the years prior to the study.

The preliminary results reported here for the single-tree selection and
diameter-limit silvicultural treatment are from one replication (block) of a
larger study. The prescriptions were applied to 10-acre plots. Each treat-
ment plot contained 12 permanent circular 0.20-acre inventory plots. The
treatments were randomly assigned among the four plots in the block, and
inventory plots were located using a stratified random design. Measurements
included species, diameter or equivalent diameter at root collar (d.r.c. or
e.d.r.c.), height, disease or insect damage, crown characteristics, and tree
defects or utilization. Equivalent diameter is necessary because most of the
oneseed junipers are multi-stemmed with branching occurring at or near
ground level. Tree seedlings were located within each inventory plot and
pinned and numbered for re-identification. The blocks were measured in
1989; prior to treatment; in 1993; after harvesting; and in 2000. Changes
in small mammal populations, understory responses, and soil-plant nutrient
dynamics associated with the treatments were studied in some of the silvicul-
tural treatment blocks (Kruse 1999, Kruse and Perry 1995).

Treatment Design and Administration

Single-Tree Selection

The single-tree selection prescription was based on the 1989 pre-treat-
ment inventory that measured a total of 456 trees/acre and 150 ft*/acre.
The general objective was to sustain the production of tree products while
maintaining the stand’s uneven-aged structure, provide micro-sites for tree
regeneration, improve stand health, maintain hiding and thermal cover for
wildlife, and produce an aesthetically acceptable landscape. The immediate
objective was to reduce the basal area of trees greater than 4 inches in
diameter by about 60 percent while maintaining the existing structure. The
desired maximum diameter for crop trees was 13 to 14 inches; however,
some larger junipers were retained for wildlife and aesthetic considerations.
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Figure 1—Initial, proposed, and post-harvest stand conditions in 1993 and 2000 for the
single-tree selection block. The graph shows the changes related to the treatment and to
growth and mortality among the trees. Diameter is measured at the root collar (d.r.c).

These large trees were considered when the inverse-J diameter distribution
curve was defined. Regulation was directed to trees that were equal to or
greater than 4 inch d.r.c., about 95 percent of the total basal area, because
smaller trees do not have an economic value and it would be difficult to
justify the tree marking costs to achieve the desired diameter distribution in
these smaller trees. One objective was to keep the existing distribution of
species in the stand. The desired number of trees in each diameter class was
calculated using a “g-value” of 1.25 (figure 1), and a basal area target of 60
ft? /acre. The g is the ratio of the geometric series that defines the number of
trees in each successive diameter class (Husch and others 1972).

The Ranger District marked the residual trees within the harvesting block.
The crew consisted of three people: a tally keeper and two measurers/
markers. The crew was supplied with the desired stand structure and noted
residual trees as they were measured and marked. Leave trees exhibited good
vigor, had a potential for seed production, and were free of insect or disease
problems. Higher basal areas were allowed in part of the area to keep high-
quality trees. The guides also specified that cutting should not create new or
enlarged openings of more than 0.25 acre. Markers used a 10 BAF wedge
to maintain an average basal area of 60 ft*/acre, and they were within 0.9
ft? /acre of the target.

Diameter-Limit Prescription

The diameter-limit prescription was applied to another 10-acre plot. The
stand on an average acre in the block had 438 trees and 142 ft* of basal area.
The prescription called for the removal of all trees equal to or greater than
7 inches in diameter and the protection of remaining trees and regeneration
classes. This prescription was similar to one of the common practices in the
area, but one that has not previously been carefully evaluated. The logging
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debris was not burned on one block. Burning is a common practice but
currently is questioned because of damage to residual trees, and because
high-intensity fires can have a negative effect on soil nutrient dynamics
(Teidemann 1987). Retaining the debris provides protected regeneration
sites for trees and herbaceous plants, slows surface runoff and sedimentation,
provides shelter for small mammals, and in some rural areas, is an important
source for firewood (Gottfried and others 1995).

Results and Discussion

Single-Tree Selection

The block was harvested in December 1992; approximately 225 ft?/acre
were removed. Although the diameter distribution for larger trees was
achieved (figure 1), stand density goals were not achieved because of the
reluctance of the harvesters to cut smaller diameter trees. The post-harvest
g-value met the goal of 1.20 but the harvesting did not achieve the basal
area reduction goal for trees equal to or greater than 4 inches in diameter;
only 36 percent of the stand basal area was removed leaving about 90
ft?/ac. The graph shows the post-harvest and the present stand, including
movement of trees among the diameter classes. One solution in the future
is to give greater consideration to market preferences; it may be more
realistic to regulate trees in the 7-inch and larger classes than to include
the smaller sizes of trees. However, the impacts of dense groups of small
trees on residual tree and stand growth still need to be determined. Ap-
proximately 678 trees/acre in the regeneration classes (85 percent) survived
the harvest. The treatment did achieve the overall goals of retaining tree
productivity, wildlife habitats, and of aesthetics. While an economic analysis
was not part of the study, Ranger District personnel felt that they would
recover the additional administrative costs from the amount received from
a logging contractor for the wood. The effects of treatment on individual
residual tree growth relative to growth on similar sized trees in the control
block will be analyzed, as will the impacts of treatment on tree regenera-
tion. However, the number of trees/acre increased in many size classes
from 1993 through 2000, indicating increased growth of residual trees
(figure 1).

Diameter-Limit Prescription

The diameter-limit harvest, without debris burning, removed 112 ft?
/acre of basal area or 79 percent of the initial overstory cover, retaining 30
ft? /acre, and removed 37 percent of the trees per acre, leaving 275 trees/
acre. The harvest removed about 375 ft* /acre of volume. Approximately
89 percent of the tree seedlings survived harvesting (515 trees/acre).
Stand density in the diameter-limit block was similar in 1993 and 2000.

Some of the reductions in both blocks can be attributed to attacks
and mortality by ips. The infestation that Wilson and Tkacz (1992)
described occurred a short distance to the north of the study area. A
1993 inventory of herbaceous vegetation in harvested and un-harvested
blocks indicated that harvesting increased the production of blue grama
(Boutelona gracilis) (the primary understory species), perennial forbs, and
total herbaceous cover (Kruse and Perry 1995). Total production, for
example, was 172 Ib/acre in the treated blocks and 70 Ib/acre in the
un-harvested blocks.
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Silvopastoral Prescriptions

The lack of commercial markets for alternative, higher-value juniper
wood products limits management practices (Ffolliott and others 1999).
In February 1999, the USDA Forest Service’s Forest Products Labora-
tory and Rocky Mountain Research Station received a CROPS (Creative
Opportunities) grant for the restoration demonstrations and workshops
for management of pinyon-juniper savannas in New Mexico. The grant
is part of an effort to develop new products and markets for the juniper
resource that could improve the economics of treating these woodlands,
not only for range restoration but also for more intensive management for
sustainable tree products. Ongoing research projects at the Forest Products
Laboratory in Madison, Wisconsin, have demonstrated the potential of
value-added products from the wood and fiber of oneseed juniper. P & M
Signs, Inc. in Mountainair, New Mexico, is using extrusion and injection
molding technologies in the manufacture of sign panels and sign posts.
The use of wood chips and fiber would increase the economic potential
of woodlands dominated by smaller trees that are difficult to harvest for
traditional products. The proposed manufacturing facility could influence
management on a large part of the 252,402 acres of woodlands in Tor-
rance County with its net volume of about 102,579,000 ft* (Van Hooser
and others 1993). The facility would have a positive effect on employment
and the general economy of Mountainair and Torrance County and
adjacent areas.

Approximately 61 percent of the woodland area and 57 percent of the
woodland volume are on private land in Torrance County. The goal of the
project is to demonstrate to the landowners several ecosystem restoration
prescriptions with the potential for economic wood and range products
recovery while resulting in sustainable management. The plan is to use
different techniques on three areas and to compare results with an adjacent
untreated control site. The activity has resulted in two field workshops to
provide participants with overviews of restoration approaches and in an
evaluation of the economics of restoration including the value of products
compared to the cost of treatments. Although the prescriptions were
designed to integrate range and tree production objectives, the prescriptions
could also be useful for treatments in pinyon-juniper dominated wildland-ur-
ban-interface areas.

The Demonstration Site

The demonstration was conducted within an area on the Greene Ranch
in the Estancia Basin of Torrance County, New Mexico. New Mexico State
University is studying the economics of the value of wood products relative
to treatment costs in the same general area. It has six 1-acre plots that
have been harvested by mechanized equipment (Bobcat) or by chainsaws
(Maynard and others, unpublished report). Stand densities were reduced to
5-10 ft* /acre.

The site contains sandy soils that are 5 to 6 ft deep, and are representative
of a band of soil that extends across the county. It is within a mile of the
Gran Quivera Unit of the Salinas Missions National Monument and US
Highway 54. The site is unique in the number of huge oneseed junipers that
it supports; many have straight trunks with large diameters at breast height.
This area is considered old-growth by local ecologists. The larger trees may
date from the period when Gran Quivira was abandoned in the 1670s.
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There is little surface erosion on the site that can be related to water move-
ment probably because of high infiltration capacity of the sands. The area is
grazed in winter but has a good cover of grasses, including blue grama (B.
gracilis), side-oats grama (B. curtipenduln), and sand bluestem (Andropogon
halliz). Most grass is under the protection of larger junipers and there is less
in interspaces. Larger natural openings within the area have a good cover of
grass. This site is reserved for winter grazing partially because the tree cover
provides thermal cover for the cattle. Average annual precipitation at the
Gran Quivira National Monument was 15.4 inches between 1938 and 2001;
most of the precipitation occurs during the summer.

Monitoring and Marking

The site was divided into four 20.3-acre treatment blocks, and a tree
inventory was conducted in each block prior to marking the residual trees
or designating prescriptions. Since the hope was to make this practical for
ranchers and small acreage landowners, it was decided to arbitrarily limit
sampling to 10 randomly located, permanent 0.20-acre fixed plots within
each block. It later was apparent that either larger plots or more numerous
plots would have given us a better idea of stand conditions because of the
variability in each plot. Often 30 percent of the plots were non-stocked and
others contained more than 32 trees/plot. The crew measured species and
d.r.c. or e.d.r.c.; on some plots, total height was measured so that volumes
could be determined. However, the permanent plots will be measured
to provide an indication of post-treatment growth. Harvested trees are
utilized for firewood, fenceposts, latillas, and vigas. Range resources were
sampled on four transects in each block using a double sampling procedure
(Maynard, J. personal correspondence, 2002). The average forage for each
plot was: Block I with 260.2 1b/acre; Block II with 373.3 1b/acre; Block
IIT with 585.9 lb/acre; and Block IV with 589.2 Ib/acre.

All residual trees were marked within the blocks to be harvested. The
goal was to maintain a relatively uniform crown cover within the limitations
of the existing stand; however, groups of trees were retained along water
courses and to maintain wildlife cover. Trees that had signs of wildlife activ-
ity, such as bird or rodent nests, were retained. Diameters were measured on
all residual trees. The crew consisted of three people: two diameter measur-
ers and one person who calculated and recorded the e.d.r.c. values. Leave
trees were flagged in all directions around the tree.

The Prescriptions and Results

The specific prescriptions were designed to be general enough to be ap-
plied to juniper woodlands in a variety of different sites. The four treatments
included a multiresource production block, a “savannarization” cut, a strip
cut for wildlife, and an untreated control block.

The blocks were marked and harvested for firewood during the summer
ot 2002. A Bobcat equipped with a shear was used to fell trees in the savan-
narization and strip cut blocks. The trees were bucked for transportation
and sale. The sustained multi-resource production block was harvested by
chainsaw because there were concerns that the Bobcat would cause excessive
damage to residual trees. At this time, not all of the wood has been removed
from the site, so only the results of the harvesting can be reported. An
evaluation of the impacts on forage production will wait until the wood is
removed; however, the rancher recently has noticed more cattle and deer use
in the treated blocks.
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Sustained Multi-Resource Production

The prescription for the first treatment block (Block I) was designed to
increase the herbaceous cover but still retain sufficient trees of all size classes
in order to sustain the tree production option on these productive sites.
The denser stand could have wildlife benefits for some small mammal and
bird species. The prescription was designed to remove approximately 50
percent of the initial basal area but retain the variety of size classes present
on the site. However, at least 65 percent of the crown cover should be left.
The objective was not to force the residual stand into either an even-aged
or uneven-aged structure, although the final result (figure 2) was a relatively
all-aged stand. The marking favored healthy trees of all size classes in an
attempt to retain younger trees to replace natural losses or additional
harvesting. (Slash can be chipped for fiber as long as it can be done without
damaging the residual trees.) Pinyon, which is a minor component of the
block, and some snags were retained and protected for wildlife. This block
contains some channels and signs of erosion, and slash was left in the chan-
nels to slow water movement and to trap soil. Groups of trees were retained
for wildlife or for esthetic considerations. The final tally indicated that the
residual stand contained 30 trees/acre and 29.4 ft2/acre of basal area. The
residual volume was estimated at 2.9 cds/acre. Preliminary estimates are
that about 7 to 10 cds/acre were harvested but a final tally had not been
conducted. Measurements of the inventory plots indicate that the residual
basal area is 38 percent and the density is about 21 percent, respectively, of
the original amounts.

Trees per acre
N w B (6)] (o) ~ oo ©

2 5 8 11 14 17 20 23 26 29 32 >35

Diameter at root collar (inches)

Figure 2—Residual stand on the multiresource silvopastoral treatment in New Mexico . The
residual stand is uneven-aged and has a “g-value” of 1.08. Some of the largest trees are
about 50 inches in d.r.c.

Savannarization

The second block (Block II) was treated according to a savannarization
prescription. The objective is to restore the range value of the landscape by
returning it to the savanna condition that probably existed prior to Euro-
pean settlement. However, no one knows exactly what conditions existed
during the period, so managers must select an option. One option of leaving
six trees/acre had already been applied to an experimental site near the Abo
Unit of the Salinas Missions National Monument in the Cibola National
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Forest (Brockway and others 2002), and it would not be that useful to
reproduce it here. The selected prescription on the demonstration site was
designed to leave a larger number of individual large trees or groups of large,
medium, and small trees throughout the 20-acre block. The distribution of
trees would not be uniform and would consider scenic views. The selected
option was to leave between 15 and 25 large trees or groups of smaller trees
per acre. Some areas would have no trees and others had more than 25 trees.
One recommendation is that large trees should be retained on 40 to 60
percent of the area (USDA Forest Service 1993). The larger slash elements
would be chipped and smaller material would be lopped and left for soil
cover and regeneration protection. Some snags were retained and protected
but were not counted as part of the residual stand.

The final mark indicated that 14 trees/acre in a variety of size classes had
been retained on the savanna block (figure 3); this was 34 percent of the
amount indicated by the pre-harvest inventory. The residual basal area was
26.3 ft?/acre and the residual trees contained about 1.2 cds/acre.

Trees per acre

Diameter at root collar (inches)

Figure 3—Residual stand for the savannaization silvopastoral treatment. The harvest left
about 14 trees/acre. Approximately 1.2 cds/acre remain in the largest size classes.

Strip Cut

Research and observations throughout the West have indicated that
wildlife do not move into openings that are too large, even when sufficient
forage or browse is available. Animals tend to remain near the edges to take
advantage of hiding cover. The general recommendation is that openings
be limited to about 600 ft in width (Gottfried and Severson 1994) and that
“leave areas” that border the strip be at least 200 and 330 ft wide (USDA
Forest Service 1993, Gottfried and Severson 1994). The leave areas can be
harvested but there should be sufficient residual density so that the animals
will not be able to see through the stand to other nearby openings. Very
open stands are treated as extensions of the opening and lose their value as
hiding and thermal cover.

The final prescription for Block IV was to harvest a strip of 500 to 600 ft
in width to run through the block and to cover about 12 acre. The strip was
to have “feathered” edges and not be a regular rectangle and be oriented
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perpendicular to the direction of the prevailing winds to minimize soil
erosion because of wind action on the sandy soil. The border strips were

to be harvested to reduce stand density by 20 percent but had to retain a
mix of size classes. The actual width of the border was closer to 300 ft since
areas immediately outside of the plot were included. Some trees or small
groups of trees were retained in the strip to break up and raise the wind flow.
Unmerchantable slash was to be lopped and left on the ground to keep the
wind above the soil surface and to provide protected regeneration sites for
herbaceous generation. An administrative study on an alligator juniper (J.
deppeana) site in central Arizona estimated that forage production increased
to 809 Ib/acre in openings where harvesting slash had been treated and to
1,366 lb/acre under slash (Soeth and Gottfried 2000). Larger slash could be
chipped for the P & M plant or left on the site. Some snags in the strip and
borders were to be retained and protected for wildlife. Critical nesting or
birthing sites were to be identified and the plan altered accordingly.

The actual harvesting created a 13.1 acre strip in the middle of the
treatment block; the base was 556 ft wide. The edges were feathered and
3.9 trees/acre were left in the strip to provide additional hiding or thermal
cover. In addition, an average of 2.9 trees/acre were harvested in the border
strips; this accounted for 14 percent of the strip basal area.

Control

The fourth block (Block IIT) was not treated and will be monitored to
compare with the three treated units. The control is particularly important
for herbaceous production and wildlife comparisons. It is anticipated that
stand differences will not be great over the demonstration period.

Conclusions

There is a growing recognition that the southwestern pinyon-juniper
woodlands are valuable and should be managed for multiple resources.
Silviculture, based on a sound knowledge of silvics, provides a tool for
multiple resource management. Several silvicultural systems and methods are
applicable to the southwestern pinyon-juniper and juniper woodlands, but
the prescription must be matched to stand and site characteristics and to the
landowner’s objectives.

Most woodland silvicultural prescriptions have been developed through
adaptive management procedures often with little post-treatment evalua-
tion. A case study was initiated in Arizona to evaluate several prescriptions
with the objectives of providing managers with information that could
be used in evaluating and planning treatments. The results indicate that
single-tree selection is feasible for high-quality sites. The selection treatment
met the objectives of sustaining tree production and maintaining habitat
tfor woodland dependent species but full regulation and targeted density
reductions are difficult because of the lack of demand for small diameter
wood products. However, attitudes should change if markets develop for
pinyon and juniper fiber. The stand continues to be esthetically pleasing and
can sustain future entries on a relatively short cycle. It appears that residual
trees are growing but it is not yet known if post-harvest growth exceeds
normal growth in non-treated stands. The need for growth and survival
information for the advance regeneration and new regeneration is important
to the question of long-term sustainability. The more dramatic diameter-
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limit prescription reduced stand densities but accelerated growth of residual
trees, and the survival of most of the advance regeneration should allow a
more rapid return to productivity for tree products relative to more severe
stand reductions. However, the diameter-limit area has been removed from
general tree product production for a long period. The observed increases in
herbage production should benefit livestock and some wildlife species.

The three silvopastoral treatments in New Mexico should show that
tree production is compatible with forage production for livestock and
wildlife. However, it is too early to make this assessment until additional
range inventories can be conducted. The characteristics of the residual
stands will provide hiding and thermal cover for animals and are esthetically
more pleasing to most observers than cleared areas. The trees also provide
a financial reserve for the ranches. The trees continue to grow and add
volume. In some years, ranchers may earn more from selling firewood and
vigas than from calf crops. Silvopastoral treatments are a viable option to
tree eradication programs and also are applicable for treating woodlands in
wildland-urban-interface areas.

The pinyon-juniper woodlands are important to many of our constitu-
ents—they are special places. Even our urban neighbors are becoming aware
and concerned about the woodlands and lower ponderosa pine forests as
drought, fires, and insects take their toll. The current natural onslaught is
creating challenges to foresters and other land managers. What are we going
to do with the areas that have suffered extreme mortality? Do we take an
active approach to rehabilitation or do we allow nature to take its course?
The loss of large areas of woodlands will put addition pressures on the
remaining lands; not just by humans but also by wildlife that depend on the
woodlands for all or part of their habitat requirements. It is my opinion that
silviculture will become more important in the pinyon-juniper woodlands
as we try to manage them for sustain and improved health and productivity.
We have seen that there are a large number of silvicultural options that are
appropriate to the woodlands and are available to us. New or modified pre-
scriptions will be developed to fit the variety of stand and site conditions and
management objectives. New scientific knowledge will contribute to future
silvicultural prescriptions and management activities. The pinyon-juniper
woodlands are worthy of our attention—and they are special places.
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A Prescription for Old-Growth-Like
Characteristics in Southern Pines

Don C. Bragg'

Abstract— Recent interest in adding old-growth reserves conflicts with a projected
increase in the demand for forest commodities. However, managing for old-growth-
like characteristics may permit timber production from stands designed to be similar
to primeval forests. A silvicultural strategy based on presettlement forest conditions
is being tested on 120 ac of mature loblolly (Pinus taeda) and shortleaf (Pinus echi-
nata) pine on the Crossett Experimental Forest in Arkansas. Reference conditions
from historical photographs, surveyor notes, old explorer journals, early research
papers, and technical reports guided the prescription’s design. A combination of
harvesting, prescribed burns, and competition control should gradually produce
structure similar to pine-dominated presettlement forests. Timber yield and natural
attributes will be monitored and compared to traditional silvicultural practices to
develop flexible prescriptions that can be modified later, if appropriate.

Introduction

Old-growth forests have garnered considerable attention in public land
management because they are often associated with higher levels of biodiver-
sity, ecological complexity, aesthetics, and unique recreational opportunities.
However, the desire for additional old-growth preserves conflicts with a
projected increase in the demand for wood products. For instance, by 2040
the need for softwood fiber in the southeastern United States is forecast
to increase more than 50 percent over current levels (Prestemon and Abt
2002). This level of consumption does not favor new areas being made
available for unmanaged old forests, especially when almost 90 percent of
the timberland in the southeast is privately or industrially owned (Wear and
Greis 2002).

Public land managers are under increasing pressure to reduce their
commercial timber production and alter their harvesting methodologies
(Murphy and others 1993). In part, this is a response to widespread displea-
sure with clearcutting and monoculture plantations and a perceived timber
bias in public land management. It also reflects a growing interest in match-
ing anthropogenic disturbances with natural disturbance regimes (Aber and
others 2000; Palik and others 2002; Seymour and others 2002). Further-
more, our value systems have shifted to include non-timber attributes like
biodiversity, aesthetics, and water quality that may be compromised under
intensive, short rotation monocultures.

We are just becoming aware of many of the complex patterns and
processes involved in the formation and maintenance of old-growth (Aber
and others 2000; Franklin and others 2002). Silviculture for old-growth-
like characteristics permits harvesting in mature stands structured to better
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Figure 1—A perspective of
contemporary forest conditions
typical of Compartments 1, 2,
and 12. Photo by D.C. Bragg in
2003.

resemble primeval forests. Note that artificially creating old-growth-like
environments does 7ot result in conditions identical to those from unaltered
natural events. However, many old forest attributes can be encouraged in
managed landscapes (Deal and others 2002; Guldin 1991; Morton and
others 1991). For example, Lennartz and Lancia (1989) proposed the use
of “creative” silviculture to enhance second-growth habitat for red-cockaded
woodpeckers ( Picoides borealis) by retaining larger trees and reducing
midstory density.

A strategy for managing for old-growth-like conditions is being
implemented on the Crossett Experimental Forest (CEF) in southern
Arkansas. One hundred and twenty acres of mature loblolly ( Pinus tacdn)
and shortleat ( Pinus echinata) pine will be transformed from an even-aged,
relatively homogeneous stand (figure 1) into a multi-aged complex using a
combination of group selection, competition control, and ecosystem man-
agement principles. This paper will outline the basic principles of a managing
for old-growth-like upland pine forests, including the monitoring of project
progress to determine the success of the effort.

Methods

Study Area

The study area is located in the Upper West Gulf Coastal Plain of south-
ern Arkansas, on three 40 ac parcels on the CEF (figure 2). Compartments
1, 2, and 12 are relatively level, with slopes less than 3 percent. The soils
adjacent to the drainage are Arkabutla silt loams, midslopes (comprising
most of the area) are Bude silt loams, and Providence silt loams cap the low
ridgetops (Gill and others 1979). A small, ephemeral stream runs down the
west side of the study area. The CEF receives about 54 inches of precipita-
tion annually, with average winter and summer temperatures of 47°F and
80°F, respectively (Gill and others 1979).

Currently, Compartments 1, 2, and 12 are dominated by loblolly pine,
with a lesser component of shortleaf pine and hardwoods (table 1, figure
3). The woody understory consists primarily of hardwoods like sweetgum
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Table 1—Merchantable (DBH >3.5 inches) species composition of Compartments 2 and 12 only, sampled in the
summer of 2000.

Basal
Min. Mean Max. Live area
Species DBH DBH DBH trees (ft?)
inches per acre ---------
loblolly pine (Pinus taeda) 3.9 15.2 28.5 40.49 57.69
shortleaf pine (Pinus echinata) 4.4 17.5 26.1 11.34 20.80
water oak (Quercus nigra) 41 8.6 16.2 7.56 3.48
sweetgum (Liquidambar styraciflua) 4.0 6.8 21.7 10.80 3.31
white oak (Quercus alba) 3.6 7.5 14.9 8.10 2.85
winged elm (Ulmus alata) 3.8 5.6 9.7 9.18 1.73
cherrybark oak (Quercus pagoda) 43 6.7 8.7 2.97 0.76
red maple (Acer rubrum) 3.8 6.3 10.0 3.24 0.75
flowering dogwood (Cornus florida) 3.8 4.8 6.3 3.51 0.45
southern red oak (Quercus falcata) 5.8 7.9 13.6 1.08 0.43
blackgum (Nyssa sylvatica) 4.0 6.3 8.3 1.35 0.32
black cherry (Prunus serotina) 3.8 6.5 8.3 1.08 0.27
post oak (Quercus stellata) 4.4 5.5 6.8 0.81 0.14
green ash (Fraxinus pennsylvanica) 3.9 4.7 5.5 1.08 0.13
red mulberry (Morus rubra) 4.6 5.2 5.6 0.81 0.12
blackjack oak (Quercus marilandica) 9.0 9.0 9.0 0.27 0.12
sassafras (Sassafras albidum) 5.3 6.4 7.4 0.54 0.12
American holly (/lex opaca) 3.8 4.8 6.7 0.81 0.1
black oak (Quercus velutina) 7.7 7.7 7.7 0.27 0.09
eastern redcedar (Juniperus virginiana) 6.4 6.4 6.4 0.27 0.06
mockernut hickory (Carya tomentosa) 3.6 4.4 5.2 0.54 0.06
willow oak (Quercus phellos) 3.9 3.9 3.9 0.27 0.02
TOTALS: 106.37 93.81
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(Liquidambar styraciflun), red maple (Acer rubrum), and white oak
(Quercus alba), with a large component of briars (for example, Rubus spp.,
Smilax spp.), vines (for example, Vitis spp., Toxicodendron radicans), and
shrubs (for example, Callicarpa americana). There is virtually no pine in the
understory and very little midcanopy except for some scattered hardwoods.

Reference Condition Acquisition

Reference conditions for presettlement pine forests in the Upper West
Gulf Coastal Plain were developed from a number of historical sources,
including photographs, surveyor notes, old explorer journals, and early
research and technical reports. This work helped guide the old-growth-like
prescription’s design and implementation by quantifying key attributes of
stand structure and composition to use as silvicultural targets (table 2).

Table 2—Proposed reference targets for restoring old-growth-like upland pine stands on the Crossett
Experimental Forest in southeastern Arkansas.

Attribute Reference target Implementation strategy
Species composition 50 to 60 percent loblolly Preferentially cut
35 to 45 percent shortleaf loblolly and hardwoods
up to 10 percent hardwoods
Basal area 50 to 70 ft?/ac Group selection and
periodic thinnings
Maximum tree DBH/age unlimited Avoid cutting trees
>25 inches DBH
Number of big trees 51to 15 pines Cut no pines
>30 inches/ac >30 inches DBH
Reserved timber volume 5000 to 10,000 Volume reserved solely
board feet/ac in “keepers”
Spatial pattern patchy Group selection with
reserves
Under/midstory open Fire and herbicide
Red heart 10 to 50 percent cull Old trees, fungal
in retained trees inoculation(?)
Large woody debris 5 to 10 snags/ac No salvage, girdling,
285 to 715 ft¥/ac hot fires
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Historical information used to define reference conditions was preferred
to contemporary studies of old-growth pine remnants (for example, Cain
and Shelton 1994; Fountain and Sweeney 1987; and Murphy and Nowacki
1997) because of the impact of decades of fire exclusion, exotic species
introduction, and other alterations to the original structural, compositional,
and functional behavior of these reserves. For instance, evidence suggests
that presettlement upland forests had a much greater proportion of shortleaf
pine than modern examples (Bragg 2002). Other traits common to the pre-
settlement pine forests of southern Arkansas included open, relatively poorly
stocked stands with an abundance of grasses and forbs and fewer woody
stems and vines, substantially higher levels of old, very large, and frequently
decadent canopy pines, and sporadic but locally considerable volumes of
coarse woody debris (Bragg 2002, 2003).

Treatment Implementation

Using a combination of harvesting, competition control, and adaptive
management, the study compartments will be gradually converted into a
stand similar in composition, structure, and dynamics to the pine-dominated
presettlement forests once common to the region. Adaptability is key to
this silvicultural prescription: there is no absolute, immutable recipe for
producing an old-growth-like forest. For instance, we believe that we must
incorporate the ability to adjust, modify, or even redesign some aspects of its
implementation if suggested by monitoring.

Flexibility...flexibility...flexibility. Adaptive management strategies based
on effective monitoring and the response to unforeseen change will help
achieve the desired prescription. Given the duration of this effort, it is inevi-
table that unanticipated events (droughts, excessive rain, beetle outbreaks,
windthrow, wildfire) will complicate the restoration. Such disturbances are
not necessarily a problem unless the merchantable timber is completely lost.
After all, presettlement forests were characterized by their large volume
of dying and dead trees (biological legacies that contributed to ecosystem
complexity). However, since a major objective of this prescription is to pro-
duce some timber products, limited salvage or preemptive thinning to avoid
catastrophic loss may be required. Delays in harvesting due to bad weather,
unexpected slow growth, or weak timber markets are also inconvenient but
not crippling.

In this region, an operable cut typically contains 1500 to 2000 board feet
(Doyle log rule) /ac in sawtimber, with pulpwood usually supplementing
the sawlog yield. If a typical stand grows 300 to 400 board feet per acre per
year, this results in 5-year cutting cycles. Longer cutting cycles than tradi-
tionally applied (for instance, 10-year versus 5-year) will probably be needed
to provide the desired structural and compositional control. Prolonged
cutting cycles are important because it may take longer to grow sapling- and
pole-sized pine to sufficiently large size under these conditions, particularly
when fewer large pines are available for harvesting. Extended harvest return
intervals should also help avoid unnecessary logging damage, especially to
the smallest merchantable size classes.

Anticipated Competition Control

Long treatment cycles should also allow most of the advanced pine
regeneration to survive periodic controlled burns (Cain 1993). Prescribed
fire will be an important component of this study for several reasons. First,
it consumes the litter and duff and improves pine establishment. Second,
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Figure 4—A “decadent” 54-inch DBH
loblolly pine from Ashley County
(circa 1937). If sound, this tree
would have scaled 7,000 board feet
(International rule), but note the
prominent cankers and scars. Photo
#350916 in CEF (USFS) archives.

it provides some degree of competition control. As an example, efforts to
control woody vines may especially benefit from the return of fire. Third,
controlled burning encourages the return of native fire-dependent grasses,
forbs, and shrubs that have largely disappeared under traditional forest man-
agement. Finally, the fire-related wounding and subsequent decay of large
trees helps to reintroduce decadence absent in most managed stands (figure
4). This is significant because punky, hollow, or dead trees provide critical
habitat for cavity-dependent species.

However, there is only so much that can be achieved with controlled fire
in the fragmented forests of southern Arkansas. Issues of smoke manage-
ment, liability, and the ecological timing of the burns represent major
challenges. In addition, excessive burning can drastically understock pine
stands and introduce too much decay (Bruner 1930), reducing the potential
of timber harvesting to support the overall restoration effort. Hence, some
chemical competition control will almost certainly be needed to achieve
management objectives. Hardwood and woody shrub rootstocks are often
so well established that most controlled burns do little more than topkill.
Given their ability to resprout, these competitors have a distinct edge over
seed-origin pines. Experience has shown that an appropriate mixture and
timing of herbicides and controlled burning can effectively reduce hardwood
and brush competition (Cain 1993; Zedaker 2000).

Hardwood Management

As can be seen in figure 3, many small hardwoods are found in the study
compartments. Hardwoods were a minor component of the presettlement
pine forests of the region, usually constituting less than 25 percent of the
stand (Bragg 2002; Chapman 1913; Reynolds 1980). The hardwood-filled
drain in Compartments 2 and 12 will be treated as a riparian management
zone, with very few of the hardwoods removed. Small hardwoods in the
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upland forest zone are available for cutting, girdling, or spraying, but a
handful of large oak will be retained to preserve some mast.

Monitoring

As mentioned in the preceding paragraphs, monitoring is an important
component of any long-term strategy because it tells the manager if the
treatment has been implemented as designed, and if not, what needs modi-
fication. Close supervision should also help alert the manager to growing
pest or competition problems that may require unscheduled intermediate
treatment(s). Furthermore, monitoring can facilitate the prediction of future
conditions.

If overall structural or compositional targets are not consistently reached,
either the targets or the thinning strategies must change to meet the desired
objectives. However, we must manage for a historical range of a suite of
acceptable stand features, not a narrowly defined and singular density or
compositional target (Trombulak 1996). Irregularity and heterogeneity are
key attributes of old-growth forests. For this reason, table 2 identifies ranges
of'a number of characteristics expected in old-growth stands. As an example,
the spatial distribution of stems in the presettlement forests of southern
Arkansas (figure 5) lacked the consistency of most managed forests (Bragg
2002; Chapman 1912). Hence, some locations would match the “average”
stocking range, while others are denser or more open.

Timber production and natural attributes will be compared to traditional
alternatives (intensive timber yield and no harvest reserve) to help identify
the economic trade-ofts of managing for old-growth-like attributes. For
example, it is expected that the relatively understocked, lightly cut old-
growth-like prescription will produce noticeably less fiber. Other non-timber
attributes will also be tracked to more fully evaluate the success of the

system.

Veteran timber-- large
(*12-inch DBH) trees
"past prime" and
"decadent”

Mature/young
merchantable timber--
vigerous trees
>12-inch DBH

Immature timber--
trees <12-inch DBH
(includes seedlings
and saplings)

Figure 5—Example of a possible spatial pattern of the original pine stands of southern
Arkansas circa 1910 (adapted from Bragg (2002) and Chapman (1912)). The dark areas
represent individuals or small clusters of old, declining pine, the stippled area is large,
vigorous pine, and the white areas are young timber.

USDA Forest Service Proceedings RMRS-P-34. 2004.



Anticipated Results

Compartments 2 and 12 have been marked using thinning from below to
reduce stand basal area to approximately 65 to 70 ft?/ac. No trees greater
than 21 inches in DBH were selected, and all shortleaf pine will be spared
in this harvest. Compartment 1 was only recently added to this study, and
since it was harvested about 3 years ago, it was not remarked for treatment.
Structurally and compositionally, Compartment 1 differs little from 2 and
12, although it will be a few cutting cycles before the compartments are
fully integrated. The desired stand structure (encapsulated in figure 6) is
the critical result, not the starting condition or developmental path of any
given compartment. Using group selection and thinning from below, the
first treatment cut (scheduled for 2008) will reduce average stand density to
approximately 60 ft*/ac.

Age = 50 years, maximum height = 90 feet, maximum DBH = 20-22 inches

Figure 6—Temporal sequence showing the
idealized developmental trajectory of
the old-growth-like study compartments.
Starting from a relatively even-aged,
50-year-old stand, repeated harvests
and natural mortality gradually open the
stand, which by year 100 has numerous
regenerating gaps, and contains a
relatively small number of large “keeper
pines with multiple patches of varying
age by year 150.

”
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Keepers, Groomers, Thinners, and Regeneration

Rather than following a predetermined and fixed rotation length (for
example, 150 years in loblolly /shortleaf pine), certain individual trees
(“keepers”) will be identified and permanently excluded from regular timber
marking. This will allow them to reach their biological lifespan, perish of
natural causes, and eventually fall to the earth and decompose (unless specifi-
cally identified as an unacceptable hazard). Keepers will exceed 30 inches
DBH and may range from poorly formed culls to prime crop trees. Keepers
may be found individually or in clumps, but rarely in patches larger than a
fraction of an acre. The residual volume held in keepers will eventually range
from 5000 to 10000 board feet (Doyle)/ac, comparable to presettlement
forests (Bragg 2002) (a single 30 inch DBH pine contributes about 5 ft? of
basal area and scales approximately 1400 board feet).

Pines from 20 to 30 inches DBH will be treated as “groomers” in which
the most “eligible” individuals are destined for a future as keepers. Groom-
ers will be continually evaluated to ensure they contribute to long-term
stand goals. Groomers that show promise as long-term keepers will be
preferentially retained, while others will be harvested as appropriate. Most
large groomers that perish will also be left to supplement the large dead
wood pool.

The merchantable-sized pines less than 20 inches DBH are called “thin-
ners.” Thinners may range from saplings barely making pulpwood (3.6
inches DBH) to prime sawtimber 17 to 20 inches DBH During the years a
pine grows from saplings to sawlogs, good forestry practices should be en-
couraged. Hence, cut the worst to favor the best. Remove the poles bent by
glaze accumulation or afflicted with fusiform rust (Cronartium fusiforme).
Aggressively thin the maturing groups to encourage rapid growth, but
protect the residual stand from unnecessary logging damage by encouraging
the loggers to leave tops and defective logs in the woods.

Regeneration will be achieved via variable-sized group selection openings.
These gaps should range from 0.25 to 1 ac, often with keepers scattered
amongst them. Since loblolly and shortleaf pine are shade intolerant species,
most gaps will cover at least 0.5 ac. Once established, it is critical that the re-
generation be protected to ensure that the gap maintains adequate stocking.

Treatment Timeframe

The objective of this effort is to gradually convert a relatively even-aged,
mature forest into a patchy mixture of immature, mature, and old timber
similar to the presettlement upland pine forests of southeastern Arkansas
(figure 7). Thinnings may vary depending on access, markets, and growth.
Competition control treatments will be scheduled to ensure that pine regen-
eration benefits the most from overstory and understory release. However,
an extended period between seedbed preparation and controlled burns is
needed so that enough pine saplings get large enough to survive the fire.
Chapman (1952) recommended an 8- to 10-year burn interval for loblolly
pine-dominated ecosystems.

Figure 8 provides a framework for treatment applications, including the
long-term application of group selection with reserves. Since one of the
goals of this prescription is to maintain an average stand basal area of 50 to
70 ft*/ac, this means that locally some areas will average less than 30 ft?/ac,
while others will exceed 90 ft2 /ac. If a well-stocked stand on the CEF adds
3 ft?/ac of basal area annually (Baker and others 1996), then it is capable of
growing 30 ft?/ac in 10 years. This longer cutting cycle should allow for low
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YR ACTION
0 Harvest treatment
1 Herbicide/burn
2
3
4 Regeneration check
5 Mid-rotation thin(?)
6
7
8 Controlled burn
9 Pre-harvest cruise

Figure 7—An image of
presettlement pine forest stand
structure in southern Arkansas.
Photo by Russ Reynolds, circa
1935.

Figure 8—A possible schedule of treatment
actions under regulated management for old-
growth-like stand characteristics in loblolly
and shortleaf pine-dominated stands in
southern Arkansas.
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density areas to recover to the desired level. The denser areas will be more
heavily cut when conditions are suitable. Mid-cycle thinnings may occur if an
operational harvest volume is available.

Conclusions

A prescription that focuses on old-growth-like forests requires a
dedicated, flexible, and long-term commitment to the treatment. Unlike
many other timber operations, the desired outcome of this strategy may not
become apparent for many years. Close monitoring of key stand attributes
like species composition or big tree numbers is vital to help adjust treatments
over time, with the sustainable achievement of structural and composition
complexity (figure 6) being the true measure of success.

In principle, managing for old-growth-like characteristics appears to be a
workable compromise between sustainable timber yield and functional old
forests. This type of silviculture may seem inefficient, but since the primary
objective is old-growth-like structure rather than commodity produc-
tion, some irregularity is desirable. The effort involved in this project, the
extension of the rotation period, and the reduction in timber yield are not
likely to make this strategy widespread on the Gulf Coastal Plain, but when
implemented, many other non-timber benefits should be realized.
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Spatial Distribution of Ponderosa Pine
Seedlings Along Environmental Gradients
Within Burned Areas in the Black Hills,
South Dakota

V.H. Bonnet', A.W. Schoettle?, and W.D. Shepperd?

Abstract—In 2000, the Jasper fire in the Black Hills, SD, created a mosaic of burned
and unburned patches of different sizes within the contiguous ponderosa pine forest.
To study the spatial regeneration of ponderosa pine seedlings and the ecological gra-
dients existing between burned and unburned areas two years after fire, we used a
transect approach. We demonstrated that seedling establishment was prolific within
the peripheral part of the burned areas due to the presence of seed sources close by,
the seedbed conditions, and the relatively low competitive pressure. This transect
study provides information to consider when managing forests after fire.

Introduction

Regeneration of Pinus ponderosa (ponderosa pine) has been previously
described as prolific in the Black Hills of Wyoming and South Dakota (Shep-
perd and Battaglia 2002) compared to the common pattern encountered in
the Rocky Mountain and Southwest areas. This prolific regeneration is due
to local climate conditions and more particularly to abundant precipitation
occurring during spring and early summer. However, the unprecedented
size and severity of the fire that occurred in 2000 in the Black Hills (Jasper
fire) may affect the future establishment of ponderosa pine seedlings in this
area. Ponderosa pine has long been considered a species very well adapted
to fire (Vlamis and others 1955; Weaver 1967, 1974) because of its high
tolerance to heat and high regeneration abilities after fire. Dispersal distance
of ponderosa pine seeds is considered to extend to approximately 75 m to
100 m from the seed trees (Barrett 1966), with a minor influence of second-
ary dispersion factors on dispersal distance (Vander Wall 1997). Oliver
and Ryker (1990) reported 8 percent seedfall at 120 m from seed source
in central Oregon. Seed dispersal distance is not the only factor affecting
ponderosa pine seedling distribution. Post-fire environmental conditions
may also affect seedling establishment. Ponderosa pine has propensity for
developing seedlings on mineral soil seedbeds, such as after severe fire (Har-
rington and Kelsey 1979 ). The seedlings benefit from the ash-covered soils,
whereas unburned compacted litter would allow little moisture for seedling
survival (Biswell 1973, Harrington and Kelsey 1979). The reduction of litter
by fire favors ponderosa pine seedlings by reducing shade and mechanical
obstructions to seedling emergence (Schultz and Biswell 1959). Finally,

water and nutrient supply can limit the establishment of ponderosa pine after

fire, in conjunction with the competition pressure that herbaceous species ! MatCom, Fort Collins, CO.

can exert on seedlings (Elliott and White 1987, Larson and Shubert 1969). 2'USDA Forest Service, Rocky Mountain

Consequently, areas subject to high herbaceous recovery after the Jasper fire
may obstruct ponderosa pine seedling establishment.
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We set out to determine the favorable and unfavorable environmental
conditions for seedling establishment within the Jasper fire. We estimated
the spatial distribution of seedlings by using transects running from un-
burned areas to the center of burned areas. This paper discusses the benefits
of using a transect-based approach for defining areas where rehabilitation
operations can be useful and other areas where they could threaten seedling
regeneration.

Study Area

The study area is located in the south-central Black Hills (South Dakota)
on the western section of the limestone plateau on the Black Hills National
Forest. The elevation varies from 1800 m to 2200 m. The southern Black
Hills is characterized by a continental climate, with average annual precipita-
tion around 400 mm (Driscoll and others 2000), mostly occurring from
April to July. Mean annual temperature is around 9 °C, with a mean annual
high of 17.2 °C and mean annual low of 2.1 *C (Shepperd and Battaglia
2002). The vegetation is mainly ponderosa pine forests, with Populus
tremuloides (aspen), Quercus macrocarpa (bur oak), and Picea glanca (white
spruce) groves. Pine regeneration in this area, under natural conditions or
silvicultural treatments, is among the most successful in the western United
States (Shepperd and Battaglia 2002) and most of the germination occurs
in early summer, during the months of May and June when precipitation is
abundant and temperature starts increasing. The Jasper fire burned 33,000
ha of ponderosa pine forests in August and September 2000 in the Black
Hills of South Dakota, and it was the largest fire recorded in the history of
the Black Hills. It created a variety of competitive environments. Our study
took place within this area two years after the fire, from May to October
2002.

Methodology

We established 20 transects within 10 burned patches of different sizes
(two transects per patch). To allow a regular and dense sampling pressure,
we prioritized the utilization of a high number of small plots. To enhance
the effects of distance on seedling establishment and environmental
variables, we chose rectangular plots having their longest side (6 m) perpen-
dicular to the line of the transect and the smallest side (2 m) parallel to the
transect. The distance between each plot was chosen to be twice the width
of the plots to favor independence between plots. Transects began 36 m
within the unburned areas (-36 m) and extended to the center of the burned
areas (distance depending on the size of the burned patch). The unburned
edge corresponded to 0 m. The shortest transect was 66 m long (from
-36 m to +30 m) and the longest